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EFFECT OF VERTICAL TRAN^RT OF IONS CAUSED 
BY SOLAR TIDES k F^ REGION* 

By D. C. CHOtjfcuRy 
(Received for publication, Nov^ber, 3r,"i95o^ 


ABSTRIOT. A solution is obtained of tbe coi 
thewy of tide? of Martyn for the night time conditii 
The vertical ionic velocity is assumed to have the 
where •■30* /hour, (^rves depicting the varia'J 
(reduced) are drawn for values ofy»o.3so5o> 
variation curves for the hours 0.0, i.o, 3 0, 5.0 and 
drift) have been drawn. Curves for the value 
results. 


unity equation of the electrodynamical 
tt, neglecting the recombination term, 
neral form i.e., v^v^e-y*. cos (»f+#) 
s of Nmnx, hmax and hmia with height, 
0,1.35 and For each value of y 

(from the time of mairimntti upward 
df y = I generally agree with the observed 


INTRODUCTION 

The fundamental equation of the electrcihdynamicai theory dl tides in tbe 
ionosphcie as deveIoi)ed by Martyn [1947 a| is 

... (.) 

where N — electron density in an ionospheric layer «t ibeight 2 
7— -rate of ion production per cm 

a — effective recombination co-efScient (given by Aa,, where A is the 
ratio of negative ion and electron concentrations the co* 
efficient of mutual neutralization between negative and positive 
ions), 

V — vertical ionic drift velocity (measured positively downwards in units 
of scale height H and varying both with height and time), 

2 — height (reduced height — measured in terms of scale height H). 

Tbe solution of the complete equation is very difficult. Hence, to 
establish the salient features lof his theory Martyn examined the equation for 
night time condition when 7».o and also assumed that «N* is sihall compared 

„ 8M. The tb» rrfoc. to tte " ' 

9N_8[N*] , 

sr -or - '*1 

3ini{>}e phymcal cdOthSetnfions show IjHat tbe vertical drift velocity v 
be pertodk in time (with a predominant xa-hem’ly period}^, and that in 

*1 / t 

* CeisianniieM^ fmf. S^. K. Mitm, D.6c.^'|^Jtf J. 
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the region considered (Fs region) its nmpiitude will decrease with lu^ht 
owing to increase of viscosity with the same. Martyn considered the effects 
of the change of v with height and with time separately and idiowed that: 

(i) If V varies exponentially with a, i.e. if v = i;oc“’^, the icmized regiosi 
is distorted so that both Nmax and /tmax depart from those given by Chapman's 
region; the departure may be in or out of phase [Hartyn, 1947a]. 

(a) If V varies sinusoidally with time with a 12-hour period and if at the 
same time its phase varies with z. i.e. if v is of the form vosin (<»f + 0*2), the 
variation of Nm»x and hmux leads or lags in phase quadrature according as cr is 
positive or negative (a>s»3o“/hour [Martyn, 19476]. 

In the present paper we shall attempt a general solution of Kqn. (2}, 
assuming 

v’*‘Voe^ycos(v>t + S) ... ( 3 ) 

and determine how the ionization will ^ry with height, and also with the 
passage of time for different assumed values of the constant y in the exponen- 
tial. In the expression for v we have assumed that the phase remains 
constant with height. This is because Martyn has shown [Martyn, 1949, 
1950] that there is no phase variation with height in the case of lunar tides. 
We have therefore, thought it reasonable to assume that for the case of solar 
tides also the phase remains constant. This assumption naturally considerably 
simplifies the analysis. 


SOLUTION OF THB DIFFBllBNTIAL BQUATION 
Putiiug ^(t) 

where and V'( 0 ='cos(«»< + 8), 

Eqn. (2) becomes 
Substituting in the above Hqn. 

dt 

and «= y ^ -,(a) 


we obtain 


9M ^ SM 
8r 9«t 


The most general solution of the equation is given by 

M =/(» + t) 

Now initially rmmo and 

tiiarefore /(M)*F(*)i*F'Cg’' ’<!*)> 

Hence M«NjN(*)«F«Cg***(i* + r)> 


or 
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Agsia since 


then 


Kqn. (4) becomes 


where 

Assuming at 

we have 


M-f- 


dz 

0(2) 


s=^Je>' dzsa 


yvo 


•u 


2 ; as css £ ’^jgfyVpU) 

f ^(t)dt‘= ^ositat + S)dt 
_ sm(«i)f4-S) 


CO 


sinioit + 8) 


IK 


sin 


CO 


" • ^ [~y lQ«f«"* + '^sinM + S)- p> sin 8}] 

logfe’'* + o sin^wf + 8) — a sin 8} J ... (5) 


a—yvol*^. 

t=o, 

M=F{z) = n9^(z) 


... ( 6 ) 


Therefore from Kqn. (5) 

yz — yf— log +* si“ {«t+#)— a sm *} 1 

iV=JVoC .« Ly J 


_xs 


“ log {«'•'*+ a sin a sin *}— e*pt— log{«‘’'* +« sin(«»t+#)— o sin 


.*. ^ * — ; ; — 7 — /-" F ; — ■» . exp jfi — — log {e^' + asin (ojf + 8) 

Nt el'* + 0 sin («.»« + 8) -a sin 8 ”L y * ' ' 

— a sin8J— {s’* + a sin (wt + S) — a sin .•. ( 7 ) 

VACATION OF EI/ECTRON DENSITY WITH 
^ (REDUCED) tt EIGHT 

We can construct with the help iof Eqn- (7) illustratiwf curves to 
d^W . ;how^ . Cor , , essumed value of y* an initial Chapman diateHnstion 

■hi elfcib?u«^.aa given by Eqn. (6) wllllsater with the pasaagd of time. Wo 





take Do — 10,000 ctns/sec. and nuf X ^ 

ckoafas ,j„e n. ». we begh. «■ 

of curves repraeoitag v.ri.ii<„,s of JV;jv„ wgaHve. Five mU 

vtaes of V, oen.e.g ,.r.g. ^ ^ 7 /"™/” *r 

-O «uu o.as. For ggch value of y 



or~T55~t2 — M — 7 ^ 

N/No ^ 

t? ♦ . I 

VaTiatioti of JV/ATa ivifi, j 

correspoadtoval«e5off,o.z.3'Vard7h"'^ ‘-..ma , , . , , 

i- 5 and 7 hours respectivcl^f. * *' 


i^l-2S 


)S \ 


K^—. ”® <«> 

cr™ — ■. 

. 3, S end ? hours re-^ectfreJjT ^ *' i*' •**, ^ A 



lEffect of VerticaJ Tranj^port of Ions etc. 5 

+4 



ff/No -. — ► 

Fig. 3 

Variation of N/Nq with reduced height (s) f ot 7=ssi.oo. Carves i, 2, 3, 4, and 5 cones- 
pond to values of f = 0, 1, 3, 5 and 7 hours respectively. 







Vatiatton o£ twith reduced height (ai Ic# *y«o.5o. Carves i, 2, 5, 4 arid 5 corres* 

pond to values of 5 uiid 7 tioitrs reapectlfit^. 
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*4 
*3 
♦2 
tsi *! 

0 
-/ 

-2 
~3 
-4 

00 0-2 0-4 0-6 0^ I’OO 1-20 MO 

H/No—* 

FlO. 5 

Variation of N/Nq with reduced height (s) for -y^o.as. Curves i, a, 3, 4 and 5 corres- 
pond to values of f =0, 1, 3, s and 7 homs respectively. 

five curves are drawn corresponding to t==o, i, 3, 5 and 7 hrs. It may be 
remembered that these curves hold for night-time conditions only. 

It will be noticed that the curves change markedly with the change of 
the value of y. The notable features of the changes with height and time 
are summarised below : 

(i) The thickness of the region decreases with increasing value of y. 
Hence, for very large value of y, the ionization region is highly compressed 
(Fig. i). Further, for any value of y, the thickness decreases during the 
first quarter of the period (from f = o to i — ^ hrs.) and then begins to 
increase. The tendency to increase persists till one hour before the next 
quarter (up to 7 hrs.). 

(a) For all values of y, Nnmx rises in the first quarter period and then 
falls. The rise and fall of Nu^x are very rapid for large values of y, but 
is gradual with small values (Figs, i, 2, 3, 4, s). For 7=0.25, variations 
of Nomx are pcactically negligible. 

(3) Tlie variations in fcmsx, unlike those in Nmax, differ in magnitude 
as well as in sense for different values of 7. For large value of 7 H.e. fix 
7=x.5), hmtx falls from o to x hr., rises from x to 3 hrs., falls again from 
3 to 5 hrs., and rises again. For .low .values of 7 variations in are in 
the reverse order. For intermediate vahxe <7=0.5), hmm remains practiqsliy 
constant throughout the night. 

(4) The variations in hmiu diS<^ from those of hmmm - For all values 

irf V» risae from o to 3 hrs. and falls steadily atterwindf. ; : ” 
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It is to be mentioned here that the nature of variation, as obtained 
tor large values of >, is in agreement with those observed. For example, 
we may consider the case of a typical low latitude station. Here the drift 
velocity is maximum negative, i.e. 8- ^80® at 21 hrs., when < = o hr. 
according to our reckoning. Nmas and will increase according to our 

calculation from 21 hrs., become maxiniim at midnight and will then 
decrease. This is exactly what is obserTOd of Nmox and hmia variations. 
The agreement with the observed hm&x wriations is, however, less satis- 
factory. For this case, the calculated ^rves give two rises and two falls 
in course of the night against only one riseiknd one fall observed. 

CONCLUS*^ON 

According to the electrodynamical neory of the tidal effects in the 
ionosphere* as developed by Martyn, th#e is marked vertical drift of ions. 
If the expression for the drift velocity f be assumed to be of the form 
i>=voc”’^*cos(a)i + 8), it is found that the flight time Chapman distribution is 
markedly affected even if electron decay by recombination is taken as 
negligible. The calculated results generally agree with the observed ones, 
if the constant in the exponent of the damping term y is about i. Better 
agreement may be obtained if the effect of recobmination term, particularly 
for downward drift velocity, is taken into account. 
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REVERSAL OF POLARISATION OF MICROWAVES 

FROM SUN-SPOTS 

By U. C. GUHA 

(Received for publication, November jfi, 1950) - 

ABSTRACT. The Zwaan-Kemble method for the calculation of the reflection coefiS- 
cicnt of a barrier has been used to obtain the reflection coefficients of the ordinary and the 
extra-ordinary waves for a parabolic ion barrier. These results have been applied to 
explain the observed rever.sal of polari*»ation of microwaves escaping from sunspots. 

I INTRODUCTION 

Different workers at different stations have observed that microwaves 
received from sun-spots usually consist of a mixture of rig:ht-handed and 
left-handed circularly polarised components. Another characteristic feature 
observed is that when the sun-spot appears at an edge of the visible solar 
disc, one of the components is much stronger than the other, that is, the 
polarisation is almost purely right handed (or left-handed), but as the spot 
moves near the centre of the solar disc both the components become equally 
strong and as it disappears at the other edge of the disc the polarisation again 
becomes roughly pure but of the opposite kind, that is, left-handed (or right- 
handed). In a paper on the conditions of escape of micro* waves from sun- 
spots, Saha, Banerjea and Guha (1947) have theoretically shown that the 
polarisation of the escaping wave should be circular and that the magnetic 
field of the spot helps in the escape of one of the components. Ryle (194S) 
has also reached similar conclusions. But the characteristic feature men 
tioned above, namely, the remarkable change in the relative intensities of 
the t'wo polarised components, has not been explained. In the present 
article we shall attempt to explain this feature by calculating the transmission 
co-efficients of a parabolic ion-barrier in a magnetic field. Since the details 
of the actually existing conditions in a sun-spot region are likely to be very 
complicated, the general conclusion reached in sec. VII has only qualitative 
significance ; we have, therefore, based our treatment only on simple as- 
sumptions which nevertheless take account of the essential charact^istics 
of the inroblem. 

nWAVREQUATIONS 

For plane electromagnetic waves travelling in the direction of the con- 
Oimtratioa gra^ent of a non-homogtm^c^ fricti<m-free itmo^here, the 
lollowiBg differmitial equations hold (S^a, Banerjea and Guha^ X947)* 
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Reversal of Polarisation of Microwaves from Sun Spots 

(A) Transverse case : 


d^E 

dz^ ‘ -* 


+ <1 — r)Zi, = o (ordinary wave) 


^ o (extraordinary 

^ I — T i 


wave; 


(2.1) 

(2.2) 


d” I T I 

(B). Longitudinal case : —7; (L\±ili»)+]p i-— ) iEx±iE,) = o ... (2.3) 
• dA“ y ^ d: w / 

where (£*, JEj,)e'J'^ = components of the elecfric vector, p being the pulsatance 
2 = distance measured along the direction of propagation 

I 

mp‘ J' 

N = ion density 

e and «i = charge and mass of the electron 


P 


. eH 
Ph = -- 


me 


H=* strength of the external magnetic field. 


Ill PARABOLIC LAYER 


If the ion-barrier is parabolic with half width I, that is, if 


N = Nm{ 1 



[see Fig. I.] 


Nm 



Fig. I 


then equations (2.1) and (2.2) respectively reduce to 


^3*i) 


and 


' + IC 


» (2® -6®) tV-c*) 


<p — o 




•.This equation for the extra-ordinary wave was given to the author by 'Piof. M. N. 
Saha. It does not appear to have been discussed by any previous worker. 

a— 1778P— * 
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/>o = critical pulsataucc of the ordinary wave. 

We shall now calculate the transmission coefficients of the barrier for 
waves satisfying equations (3.1) & (3.2) respectively. It wttl be atonce 
noticed that this problem is similar to the quantum-mechanical problem of 
calculating the transmission coefficient of a potential barrier for matter waves, 
which, as is well known, has been tackled by different workers in different 
ways, sometimes yielding different results for the same problem. We shall 
here adopt a method used by Kemble (1935) but with different approxima- 
ting functions in place of the B.W.K. approximations used by him. This 
simplifies the calculations in our case, but to be more sure about the validity 
of our method, we shall also calculate the transmission coefficient of the 
ordinary wave in an alternative way. It is assumed that the width of the 
barrier is sufficiently large for the apxdication of the following methods. 


IV TRAN vS VERSE CASE 
(Ordinary wave) 


(A) Kemble’s method : 


Taking equation (3.1) we consider asymptotic representations of 0(2) of 
the form where o- is a constant and P{z) a polynomial in s. These 

are found to be 

and 

The differential equations (in the normal form) satisfied by these 
functions are 


(4-1) 




where — J — 


iKa* 


and 


... 


where 0-3 = + 


t'Ka* 


Hence /, and will give good approximation for 0 whenever z 
is large. We now propose to fit the linear combination ax{z)/i(z)+aa(z)/a(z) 
to an exact solution 0 (a) of the equation (3.1), so that we take 

*i(2)/i(z) + aa{z)/a(z) »=0(z) 

O^/i'Xz) + aa {z)fa*iz) 0'(z) 


<4.3) 
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Solving these equations for Uiiz) and a^iz), we obtain 


ai(s) = 




2iK + 




ftr large | z 




as-i_ ^a(o'2 l) ( j) ^4.21 

zK 2 “ 1 

icr l<r — i) (a \ I 

= — ’^2Kz ^ — I ^ ^ ~x^TKa^ J +«2/3 and equation (4.1) 

z y 


Hence 


where and Bi are positive constants of the problem. 


\ E,\a,i + \e-iKz^\\aJ 


Similarly 


-h Ba I a* I + I eiKz^ II a, 


... (4.4) 


•• (45) 


We notice that on both sides of the the barrier fiiz) and respective- 

ly represent waves entering and leaving the barrier. Now consider a path 
r in the lower half of the complex 2-plane (Fig. 2), starting at +/, the right 
hand end of the barrier and terminating at —I the left hand end, such 
that 1 2 I always remains large on F. Now, supposing that waves are incident 
on the left hand side of the barrier and transmited through the right hand 
side, we put ai = o and a2 = r at 2= +1. From equation (4.4) it follows that 


2-PLANS 


Fig. 2 

throughout the first half of the path P H.e. the portion in the 4th quadrant) 
remains practically constant (i.e. ai = o). Since Ui^o in this portion of the 
path it follows from equation (4.5) that aa also remains constant (*.e. a* — i). 
These equations also show that remains constant throughout the rest of 
the path but ai may change. Thus, at z— —I we have Ui — c, say, and aa = i. 
Hence we have established a connection formula fa + cfi < — /a 

where /a( + 1) — e \ 

> I... ( 4 . 6 > 

and ) 
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Since damping has been neglected, we have 

un/x(-i)r“ l/aU) !•+ f/a(-0 r 

T 4- ^irKo^ 

\cT= using (4-6) 

e 

If To denotes the transmission coefficient, then 

T* ® =a / 2 ( *1* 0 |" 

c /,(-0 I 




• •• (4*71 


(Bj Alternative method ; 

We look for a solution of the differential equation (3.1) behaving 

asymptotically as follows : 

0(3) ~ ^a(z) in the neighbourhood of s = +/ 
and 0(3) ^i(z) +^pjz) ,, ., ,, z= —I, 

where and ^3 both represent waves leaving the barrier, and V'l represents 
waves entering the berrier, so that 

i^iiz) represents the incident weve 
^aiz) ,, ,, reflected wave 

and ^3(2) ,, ,, transmitted wave 


transmitted wave 


The reflection coefficient Rq will therefore be given by 




Change the independent variable in equation (3.1) from z to ^ where 


C=»/ 2 kei''/ 4 z and put n = — - - 4 . We get 

2 




••• (4*8) 


Moreover, arg $='^ for z real and positive 
4 

and ssr — ^ for z real and negative. 

4 

The differential equation (4.8) is known as Weber’s equation. From the 
properties of its solution D„{$) discussed in Whittaker and Watson’s book on 
Modern analysis fpp, 347-349) we get 

for arg 1*/4 (transmitted wave) 

4 
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and for arg £ (reflected wave) 


' e-wwfg{»/4 1 (incident wave) 

i ( — n> 


Hence, from the remarks made above, it foll<^s that 

c-{V4 


Ro = 


V 2 a- 


Le-t»ri e4J/4>|c-»-i 


r(-„) 

r( — n)c-£^/f ^2n+i cniri 


_ I 
a/ 2 TT 

e'rKa'^14 

27 r 


V n 


cTrKa^/4 

V acosh'*’^®®/^ 
ro*=i-i?o" 


I + e^Ka^ 




I -r e 

which is the same as equation (4.7). 

V. TRANSVERSE CASE 
(Extra-ordinary wave) 

Taking equation (3.2) and adopting method (A) of sec. IV, we find 
that in this case the asymptotic representations of ^{z) are 


and 






In this case also it can be easily shown that the coefficient function occurring 
in equation (3.2) differs from the coefficient functions occarring in the 
differential equations (in the normal form) satisfied by fi(z) and /gfa) by 
terms of the order of i/z®. Hence, the method applied in (A) of sec IV., 
can be adopted here without any alteration. Thus, if T* denotes the 
transmission coefficient in this case, then 


rf = 


'l + e’rK(i>* + c*-d®) 
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Te* 


I_ 


Pi p%) 


... (s.i) 


for large />*, that is for large magnetic field. 

Had we assumed that the magnetic field also varies parabolically, sc that 

H=Hm place of equation (3.2) we would have obtained 


0 " + /C» 




^ = 0 


(S. 3 ) 


This gives T ,2 = i. 

Thus when the magnetic field is large and constant, or when it varies 
as above, the barrier is almost transparent to the extra-ordinary wave. 


VI. LONGITUDINAI/ CASE 


If we consider a parabolic ion-barrier N = Nmyi and a large cons- 
tant magnetic field so that, i, then equation (2.3) gives two circularly 

polarised waves of opposite senses determined by equations of the type 

•t>i» + K^(z^-a^)<l>i=o ... (6.1) 

and <p"z~K^(z ^ ... (6.2) 

Since the disturbance satisfying equation (6,2) has no wave character for 
|2|>a, it can not leak through the barrier as a wave. Hence, only the 
component satisfying equation (6.t) leaks through the barrier with a certain 
transmission coefficient. 

But if we assumed a parabolic variation for the magnetic field aS well, 
so that H — Hm , then we would have obtained in place of the equa- 

tions (6.1) and (6.2) the equations 


and 


0a" + K‘* 


(2" -a'*) 
iz^-b'V 


(f>2 = 0 


( 6 . 4 ) 


The equations (6.3) and (6.4) are easily seen, by the methods already 
discussed, to give values of the transmission coefficients 


as = 

and Tb2 = i/ 


(6.5) 


The assumed variation of the magnetic field thus makes the barrier equally 
transparent to both the circularly polarised components. 



Reversal of Polarisation of Microwaves from Sun Spots fS 

VIT. MICROWAVES FROM SUNSPOTS 

Now consider a sunspots S moving along the central equator from one 
edge of the visible solar disc to the other edge. Consider the plane contain- 



positive direction of the magnetic lines of force make on the average a mean 
angle «( ZNS.(4) with the positive direction of SN . Then it follows that 
the angle 0 between the direction of propagation of the microwaves 
towards the eaith and the positive direction of the magnetic lines of force 


varies in magnitude from' - — ato' +« . The cases 0=o, 




n 


correspond respectively to south pole, southern hemisphere, equator, 
northern hemisphere, north pole (in the language of propagation in the 
earth’s ionosphere). Hence, the propagation of the microwaves through 
the ionosphere of the spot, as the latter moves from one edge of the solar 
disc to the other edge, has one-to-one corre.spondence with propagation of 
radio waves through the earth’s ionosphere when the source on the earth 
traverses an angle n along a meridian from a point P to a point Q, say. 

From Secs. IV and V it foliow's that when this propagation becomes 
tranverse, T,® and is much greater than To®, so that one of the 
polarised components is much stronger than the other, where as when the 
propagation becomes longitudinal, we have Ti‘ = Ta* = z from equation 
( 6 . 5 ), so that the two polarised components are equally strong. It is natural 
to expect that similar results will hold for the quasi-transverse and the 
quasi-longitudinal cases. This gives the reason for the change in the 
relative intensities of the two polarised components mentioned in sec. I. 
The reversal of the senses of polarisation of the two components obviously 
depends upon the angle a, because the senses of polarisation of the two 
components are opposite in the two hemispheres. 

For example, in the case of a uni-polar spot we may take <x — o or n, 
so that the path on the meridian from P to Q lies on the same hemisphere 
and there should therefore be no reversal of the sense of polarisation. On 
the other hand if the spot is a member of a bi-poJar spot group, then a 
should be different from o and so that P and Q lie in different 
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hemispheres. Hence, there will be a reversal of the senses of polarisatlon« 
the actual duration through which the stronger component remains left- 
handed or right-handed depending upon the actual value of a. 
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ULTRASONIC STUDIES OF GELS 

'J 

By ARVIND MOHAN SRlVASTAVA 


(Received for puhUcaiion, iS, 1950) 

ABSTRACT. Using an ultrasonic pulse techi^uc the elasticities of gels have been 
obtained at four ultrasonic frequencies. In this papi the effect of temperature and age on 
the iron silicate gels has been studied. tl^ief d’seussion outlines the probable 

structure and mechanism of gel formation, inaiutnini^tS^ that the ultimate units in a gel are 
groups of atoms producing an interlinked fibrous structure perfectly randomly oriented. 

In a series of papers the author has initiated a line of inquiry and study 
of the gelatinous state of matter quite new to the colloid chemists. The use 
of an ultrasonic pulse method fSrivastava, 1949) has been made to determine 
the elastic constants of four gels. In another paper the author (Srivastava, 
195'j) deals with the effect of temperature and frequency on the elasticities of a 
certain iron silicate gel. At that time no tentative theory was advanced 
regarding the mechanism or its structuie. Thorium phosphate gel was studied 
by Prakash, Mehra and Srivastava (1950) in a similar manner. 

The importance of this study is great since the information available so far 
is meagre and this field of intiuiry had lieen almost completely ignored in 
the past. Furthermore, it is expected that the behaviour of elastic forces on 
gels will afford a better insight into these problems. 

The method consists of a suitable ultrasonic pulse generator which sup- 
plies a beam of ultrasonic energy that imfiinges on a block of gel held verti- 
cally supported by a metallic frame immersed in a liquid bath. The slab is 
capable of rotation in a vertical plane thereby changing the angle of incidence 
of the beam. Since the velocity in the gel is greater than that in the 
liquid, the wave-trains are refracted away from the normal. Consequently the 
rotation of the block results in a vanishing of the emergent rays due to total 
reflection. The waves in the gel take iij) two velocities depending upon the 
two associated deformations of shear and longitudinal extension. The ampli- 
tude of the transmitted waves therefore shows two minimum and if F, and 
V I are the two velocities then we have 



* >qi-i-cr)(l-2cr)/> 

where p is the density of the gel, Ji‘ and S are the modulii of elongation an 
shear. If is the velocity in the tank liquid, which is usually water, then 
3— 1778P— I 
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t8 


Vi = F*/sin 
F,== F^p/sin ^2. 

from which F/ and F, can be known. Then from the well known relations 

E = 2 (l + <r)S 


and. 


(Vi/v,y-2 

2[(F,/ F,>® — i] 


all the elastic constants can be calculated. 

In the accompanying figures the variation of Young’s modulus with tem- 
perature, age and frequency have been shown. A set of values for the velocity 
have been also shown in Fig. 2. The two dips in the transmitted wave 
amplitude are seen in Fig. 4. A detailed account of these can be seen in the 
author’s other papers (Srivastava, 1950). 



Frequency 
Pig. I 

Variation of Young's modulus with frequency 
and temperature 
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a 90 M c/«| 


2.5 


« 2.3 


2.25 Mo/b 


2.1 


t 

^ 1-7 


1.25 Me/a 
J625 Mo/a 


12 16 Uhn. 

Time of setting 

PXO. 2 

The shear wave velocity attaining a constant value afier 
twelve hours for the 4 frequencies at 3o*C 
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Time of settiti^ 

Fig 3 

Variation of shear modulus with tbi time of setting for 
four frequencies at 30 ®C 



Fig. 4 

Variation of amplitude of transmitted waves on altering 
the angle of incidence for one observation of Bo and Bg 

I'hough Still far from advancing a theory on the exact nature of the 
mechanism of gel formation and its structure the author, however, has drawn 
the following conclusions from the data published here and elsewhere (&ri- 
vastava, 1950): 

The resistance to elastic forces implies that the units in a gel are them* 
selves capable of a similar behaviour. These units, therefore, themselves 
cannot be atoms ; for then larger forces would be required to cause these 
elongations anil' Shears* The forces required to increase the distance between 
the adjacent atoms would be comparatively far in excess over that for which 
the author has accounted in his investigations* It follows, therefore, that the 
structure should be of the form of groups of atoms to account for the observed 
elasticities. The elastic processes therefore suggest the following factors. 

(a) Groups of atoms producing strong and flexible units: 

(b) The forces of cohesion around these fibres must lie weak and uniform 
to account for the changes in state at higher temperatures* 
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Fig. 5 

The oscillogram 

The central vertical displacement being the 
transmitted wave 

(c) An interweaving of the fibres in the three dimensional lattices to 
account for the looseness of the entire structure. 

(d) And a perfectly random orientation of the fibres to account for the 
lack of any anisotropy in the gels studied. 

It is clear that the water enmeshed in overwhelmingly large pro- 
portions in a gel is chiefly due to the interlacing of the fibres in a three dimen- 
sional framework which leaves enough free space for water. Further work is 
in progress in this laboratory to elucidate these processes more generally. 
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LIGHT SCATTERING IN GASES 

{A Note% 

By vS. PARTHAvs|rATHY 

{Received for publication, |[«gMS< 21, 1950) 

ABSTRACT. I he note gives depolarisation lectors for a large number of gases after 
due correction of the earlier values obtained by t^ author, for the convergence of the 
lens used. f 

In a paper on the relation between lighf scattering and molecular struc- 
tures, published several years ago, the authol (Parthasarethy, 1932) gave factors 
of depolarisation only as measured, leaving out of account the error due to 
convergence of the beam, as there were differences of opinion then (Cans, 
1927 ; Rao, 1927) on this subject. It is faiily well-established now that 
corrections have to be made for such convergence of the beam and when the 
values in the author’s earlier paper were corrected for convergence, the data 
given in the present note would be obtained. 

The author (Parthasarathy, 1932) mentioned that the lens 
used was of focal length 12" and diameter The convergence 

correction due to this alone would be 0.77 %. But the apertures were 
placed in all the arms to avoid reflection from the inner portion of the 
tube. The aperture nearer the glass window of the arm through which 
light was focused, cut off light still further and the final correction came to 
nearly 0.5 %. Table I gives the values of depolarisation factors for the gases 
after due correction for convergence has been made. 

Table- I 


Substance 


Methane from cylinder and corrected 

Pure gas 

Rthane 

Propane 

Butane 

Isobntane 

Bthylene 
Acetylene 
Methyl chloride 
Methylene chloride ... 

Chloroform 

Carbon tetrachloride ... 


Chemical 

formula 

Corrected 

values % 

CH4 

0.64 


0.62 

CaHe 

0 80 

C.,Hb 

l.OT 

CbHio 

, I.OJ 

C4H,o 

0.53 

CaH 4 

2.42 

c^(:i 

4.02 

1.54 

CHjClj 

3-43 

CHCI3 

1.28 

ecu 

0.?2 
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Table I (contd.) 


Substance 

Chemical 

formula 

Correctied 

values % 

Organic (continued) 



Mctliylainine 

CHsNH, 

0,27 

Kthylamine 

CaHgNHj, 

0.47 

Formaldehyde 

H.CHO 

1*38 

Acetaldehyde 

CII3.CHO 

2.18 

Methyl ether 

CH3.O CH3 

T.06 

Bthyl ether 

C8H5.0.CiH5 

2.0T 

Acetone 

CH3.CO.CH3 

1 12 

Allyl alcohol 

CHj.CH.CHjOH 

1.90 

Inorganic gases, 



A-ir ••• a,. 


3*65 

Oxygen 

o'i, 

6.00 

Nitrogen 

Ns 

3.05 

Hydrogen (from cylinder and corrected) 

Ha 

2.21 

Pure gas 


2 07 

Chlorine^ ... 

Cla 

3-57 

, 9 22 

1 11*07 

Carbon dioxide 

CO3 

Nitrous oxide 

N ,0 

Hydrochloric acid gas 

HCI 

1 0.21 

Hydtobromic acid gas 

HBr 


Hydriodic acid gas 

HI 

0.77 

Nitric oxide (gas by both methods) 

NO 

1 2.T8 

Carbon monoxide 

CO 

1 0.80 

Ammonia 

NH3 

1 0.48 

Hydrogen sulphide 

H,S 

0 43 

Sulphur dioxide 

Carbonyl sulphide 

SO, 

2.61 

COS 

8.27 

Silicon tetarachloride ... 

SiCh 

1. 14 

2.6x 

Silicon tetrafluoride ... 

Sir, 


Table I (contd.) 


Substance 

Chemical 

formula 

Corrected 

1 values % 

Inorganic gases (Contd.) 



Argon (uncorrected for impurities) 

A 

0 «2I 

(corrected for impurities; 


0.06 

Helium 

H. 

2.50 


The main conclusions, after correction, may be stated as below : 

(i) The anisotropy for argon (and possibly for other rare gases also) 
vanishes and the structure is therefore in conformity with evidence adduced 
by other methods. 

(a) The optical anisotropy for CCl* vapour is vanishingly small, while 
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for CH4 the depolarisation has a definite, though low, value of 0.62%. This 
does not mean anything, taken apart from other tetrahedral molecules, as the 
value is too low to be taken as a factor indicative of the optical anisotropy, 
but considering that even other molecule^ of RX* type, e.g. SiCl«, SiF* 
show greater depolarisation (p) , this calls fo]| an explanation. The author’s 
observation, that with relative sizes of R and’ X atoms, the factor p increases or 
decreases still holds good and it should be pelted out that, apart from the fact 
that p arises from mere geometry of form, th4re must also be some other factor 
which gives rise to it. To say that it might| arise from the bigness of the 
molecules is out of the question, as the mole&les itself is very small compared 
with the wave-length of light used, but the rlason is to be sought elsewhere. 

The above observations are further st 4 >ported by Bhagavantam ^1932) 
who studied the Raman effect in molecultes of this type. He finds that 
the symmetrical vibration in such type of ra|»lecules is polarised to different 
extent in the following series of liquids, in .addition to there being rotational 
wings accompanying the Rayleigh line : 


Liquids 

Raman 

frequency 

A. 

P 

CCI4 

459 

4 % 

SiCh 

426 

II % 

TiCh 

382 

12 % 

SnCh 

367 

16 % 


Here the central atom increases in size, keeping X constant, in this 
series of liquids and such variations in p as between 4 % should certainly 
be genuine. 

(3) Other conclusions at rived at in the paper remain valid, as the 
correction of 0.77 % is a constaht factor throughout. These have been borne 
out by the later work of Ananthakrishnan (i 93 S)* 

Regarding the experimental details, the author had always thought 
it a good plan to avoid errors, as far as practicable, rather than allow them to 
creep in, later on, making suitable corrections which are always uncertain. 
On that point, the author’s experimental arrangement was superior to that 
of Ananthakrishnan (1935) who used glass windows fused on to the arms 
of the cross-tube : there is no meaning in saying that the glass pieces were 
examined for strain previous to fusing them on to the cross-tul^, since 
after fusing they are more likely to develop strains. Further, Anantha- 
krishnan’s cross-tube was definitely of smaller dimensions. 
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The above considerations show that the author’s results were not in the 

least vitiated by such of the above errors, and still hold good. 

National Physical Laboratory of India, 

New Delhi. 
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ON THE ABSORPTION OF U.H.I'. RADIO WAVES BY 
SOME ALIPHATIC KETONES* 

nv S. N, SEf* 

(Received for puhiicaiion, Dec^her i 6 , 1950). 

ABSTRACT. The absorption of U.H P. radio li^aves by diethyl ketone, dinornial 
propyl ketone and ethyl isobiilyl ketont' at teniptratures varying from o*C to 95*0 ha.s 
been investigated in the region 250— 5 ro Mc/sec. bjj the optical method. An absorption 
maximum has been obseived in each and iij the first two cases the height of the 

absorpticn peak increases with the loweiing of le |iperature. In the case of isobutyl 
ketone also, the height of the ab.sorption peak il^reavses with lowering of temperature 
from 9o®C to and with further lowering of temperature to 30®C the height of the 

peak increases only slightly, but the idth of the band increases enormously. 

The centres of the absorption peaks ob^^erved in the case of the three liquid.s mentioned 
above at 30*0 are at 330, 295 and 250 Mc/sec respectively. The absorption coefficient, 
calculated a1 the centre of the band ofhserved at 3o®C ,is of the same order of magnitude in 
all the cases as that calculated on Debye’s theory. The results have been discussed in 
the light of the h^'pothesis put forward earlier by Sirkar and Sen that the permanent 
electric moment of the molecule i?* affected b\ the iiilermolecular field as the molecule 
executes rotatf»r\ oscillation in the liquid. 

I N T k 1> D r t' T I O K 

111 continuation of the previous work by the author (Sen, i 949 # I 95 <^) 
the study of the absorption of the ultra high frequency radio-waves in higher 
ketones namely, diethyl ketone, dinornial propyl ketone and ethyl-isobutyl 
ketone has been made at different temperatures ranging from to QS^^C in 
all the three cases. The results further verify the hypothesis put forward 
by Sirkar and Sen (1949) and Sen {i 94Q) regarding the absorption of ultra 
high frequency electrical oscillations iii polar liquids. In that theory, it was 
assumed that, an extra oscillating part of the dipole moment might be created 
by the intermolecular field in a liquid having polar molecules, if the molecule 
would be executing damped oscillations in the liquid due to thermal motion 
and such oscillations would be excited strongly by radio waves of suitable 
frequency passing through the liquid. The frequency of such oscillations 
can be deduced from the frequency of radio waves in the region of absorption 
peaks. If this hypothesis be true, the effect of intermolecular field would 
increase at lower temperatures and hence the magnitude of the absorption of 
electric weaves would also increase with the lowering of temperature of the 
liquid. On the other band» the molecules would tend to orient themselves at 
random at higher temperatures making thereby the absorption peak bro^d- 

* Commimicated by Prof. S. C. Sirkar. 
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In a previous paper (Sen, 1949) it was reported that in the case of acetone the 
results agreed with the hypothesis mentioned above and in case of methyl- 
ethyl ketone it was found that the intensity of absorption increases with the 
lowering of temperature of the liquid upto about so^C, but the maximum 
absorption diminishes at still lower temperatures. In order to investigate 
whether this anomaly is eonnected with the nature of the alkyl groups in 
the ketone molecules the present investigation was undertaken. 

EXPItRIMENTAIv 

The experimental arrangement used in these experiments has been 
described completely in two previous papers (Sen, 1949, 1950). All the 
liquids were chemically pure and each was distilled in vacuum three or four 
times before they were used for taking observations. The experimental 
arrangement used to study the absorption at different temperatures was as 
follows : The cell containing the liquid was placed in the water bath which 
could be kept at different temperatures. When the temperature at which the 
observation was to be made w’as attained by the liquid in the cell, as was 
indicated by the thermometer inserted into the liquid, the cell containing the 
liquid was taken out quickly and i)laced betw'een the oscillator and the crystal 
detector and the diminution in the value of the detected current was noted 
after tuning the condenser again. The cell was immediately placed in the 
water bath the temperature of which was kept constant for this 
particular set of observations- The temperature of the liquid was again 
taken with the thermometer and it was found that the difference between the 
two temperatures was always less than o.5°C. In this way series of observa* 
tions were taken for the frequency-range 250 Mc/sec to 510 Mc/sec. The 
attenuation co-efficient was calculated from the formula 

7 = 7„ f-''* 

^ log, „(/„//), 

where fi = attenuation coeff. and x — thickness of liquid. 

In this way, the values of m were calculated for two different thicknesses 
of the liquid^ e.g,, 1.95 cm, and 3,95 cm. The same process was repeated 
in case of all t!ie three liquids for the temperature-range shown. Next, the 
values of the attenuation co-efficients were plotted in a graph against frequency 
of the incident radio waves and from the graph thus drawn the value of the 
maximum frequency of absorption was obtained. 

R K S U T S 

The results obtained in the case of three liquids are given in Tables I, 
n and III and they have been plotted in the form of curves in the figures 
I, 2 and 3. 
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Table I 


Attenuation coefficient of diethyl ketone. (CaHjCO.CaHs) 


1 

pera ture 






o°C 

ao’C 1 

62.5'C 

82*0 

Trequency in Me; sec. 


1 

i 




350 

.02806 

.O 225 A 

.0200 


260 

.03014 

. 0225 M 

rO 203 


370 

•03323 

. 0226 « 

.0203 


280 

.03856 

. 0230 ® 

.0204 


290 

•06723 

.O2520|j 

. 020 S 


300 

,06903 

.o 2654 |, 

•0215 

.01873 

310 

.c66o2 

.042 2 « 

.0230 

•01975 

320 

•05303 

.04 80 S 

,0248 

.02003 

330 

.04522 

. 05063 ^ 

.02700 

.02004 

340 

.03630 

. 0496 ^' 

.08953 

.02018 

350 

.03258 

. 04226 ' 

.O 3 COO 

.02009 

360 

.02732 

•03257 

.03703 

•02093 

370 

.02506 

.02903 

.03904 

.02163 

380 

02255 

02656 

.04154 

.02256 

390 

.02156 

.02650 

*04356 

.02496 

400 

1 .02100 

.02500 

.04403 

.02763 

410 

! .02100 

'02375 

•04359 

.02954 

420 

.C 2000 

.02300 

.04263 

•03175 


.01889 

.02256 

,04104 

.03258 

440 

.01878 

.02205 

.03904 

•03389 

450 

.01003 

.02203 

•03756 

•03306 

460 

.01003 

. 0 Z 150 

•03553 

•03854 

470 

... 

.02103 

•03433 

.03956 

480 


.02100 

•03234 

•03959 

490 


.02090 

.03007 

•03958 

500 

• ♦ » 

.(>2070 

.03005 

•03756 

510 

... 


.02856 1 

•03504 



Fig. I 

DISCUSSIONS 


It can be seen from figures i, 2 and 3 that the frequencies at thi absorp- 
tion peaks due to diethyl- and dinormal propyl ketone at 3o®C are 330 and 
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295 Mc/sec. respectively. In the case of ethyl isobutyl ketone at 30®C the 
peak occurs at a frequency lower than 250 Mc/sec. It was also observed 
previously that in the ca.-;o of acetone and methyl ethyl ketone at the room 
temperature the positions of the peak are at 400 and 372 Mc/sec. respectively. 
Thus it is seen that the position of the maximum shifts towards lower 
frequencies with the increase in the number of CH3 groups in the molecule. 
The value of the relaxation time r can be calculated from Debye’s theory 
(Debye, 1929^ from the relation 


i»r = 


+ 2 
«! + 2 



where w is the angular frequency at the absorption peak, the square of 
refractive index for light, and Ci the dielectric constant for static field. The 
value of molecular radius a can be calculated roughly from the relation 


3 rkl' 
a 

ATTtj 

where k is the Boltzmann constant, 7 ' is the absolute temperature and the 
coefficient of viscosity. The values obtained in this way are given in the 
last column of Table IV. It is found that the value of the molecular radius 
derived from Debye’s theory is almost the same for all the ketones studied, 
although the actiial size of the molecules of higher ketones is much larger 
than that of the lower ketones. The value of a derived for acetone is too 
high while those for the higher ketones are almost of the right order of 
magnitude. The large discrepancy observed in the case of acetone may be 
due either to the difference between the internal viscosity and the macroscopic 
viscosity or to association of the molecules in the liquid state. 

As regards the values of attenuation co-efficient observed in the present 
investigation and entered in column 5 of Table IV it is seen that they give 
the values of k,„, the extinction coefficient, agreeing approximately with those 
calculated from the relation 


]L V ® J 

V®! + V en 

In calculating the value of fem from that of the expression 



m 


has been used. Here r has been calculated from the relation 


to, + €0 
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Table IV 

Comparative study of the absorption of U. H. F. electrical oscillations in ketones 



The height of the absorption peak increases with the lowering of tem- 
peratures in all the cases and in the case of diethyl- and dinorinal propyl 
ketone the peak becomes narrower, while in the case of ethyl isobutyl ketone 
the width of the band increases, with lowering of the temperature. It was 
previously observed (Sen, 1949) that in the case of methyl ethyl ketone also 
the height of the peak, instead of increasing, diminishes with lowering of 
temperature below room temperature, although in the case of acetone the 
height of the peak increases with the lowering of temperature. Thus it is 
evident that when the two alkyl groups in the ketone molecule are identical 
the observed behaviour of the liquids supports the hypothesis put forward 
by Sirkar and Sen (1949) mentioned earlier that the change in the permanent 
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electric moment produced by in ter molecular field increases with the lowering 
of temperature. When the two alkyl groups attached to the C = O group 
in the ketone molecule are not identical the behaviour of the molecules with 
the lowering of temperature seems to be a little anomalous, because both 
methyl ethyl ketone and ethyl isobutyl ketone show such an anomaly. 
In the case of ethyl jsobutyl ketone the integrated absorption increases at 
low temperatures. The shift of the peak for a change of temperature from 
62°. 5C to 3o°C is also much larger than that for the same change of tem- 
perature from 95°C to 62°. 5C. Hence there is an abrupt change in either 
the internal viscosity or the size of the molecule with the lowering of 
temperature Irelovv 62". 5C in this particular case. Probably both these 
changes occur simultaneously, and further, the permanent electric moment 
is affected by the intermolecular field to a larger extent at 3o'’C than at 
62 ‘'.5C. The assyraetry of the shape of the molecule may be responsible for 
heterogeneous distribution of the molecules in the liquid resulting in an 
intermolecular field varying between wide limits and thus causing the absorp- 
tion peak to be wide. 

In the case of methyl ethyl ketone, on the other hand, the height of the 
absorption peak as well as the integrated intensity diminish with the lowering 
of temperature. This may be due to the fact that the molecules abruptly 
become associated to form grouf)S having a resultant permanent electric 
moment less than that of the single molecule. No geneial conclusion can, 
however, be drawn from the results obtained in the case of a single scries of 
molecules. Investigations with other substances are in progress and the 
results will be discussed in more detail in a future connnuincation. 
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A NEW AND QUICK METHOD FOR DETECTION OF 
PIEZO-ELECTRICITY AND MEASUREMENT OF 
THE PIEZO ELECTRIC c|)NSTANTS 

By KRISHNA GOPAL SRIJASTAVA 
{Received for pvhU cation, Novem^r, ii, 1950) 


ABSTRACT. A method using differential transfort 
tion of piezo electricity. To one of the primaries of the 
is connected and to the other is connected a variable rone 
Balance is obtained at first and frequency of .source is tl 
frequency is approached a large c urrent results in the 


electric behaviour of the crystal, 
constant of quartz. 


has been developed for detec- 
[ffcrcncial transformer the cry.stal 
snser and resistances in parallel. 
:n varied As soon as a crystal- 
icondarj' which defects the piezo- 


The method has beeih used to measure piezo -electric 


Formerly, two methods had been used for detecting piezo electricity in 
crystals. The first was due to Giebe and Scheibe, (7925) w'hich 
is a click -method. The second is a bridge-method by Mason, 
(1943) which the crystal is placed in one of the arms of a Wheatstone 
bridge and sudden changes in the rectified current are observed when the 
frequency of the source approaches one of the natural frequencies of the 
crystal. The method developed here uses a differential transformer for the 
purpose. The circuit arrangement is as given in Fig. i. 



Fig. r 

D.T. is a differential transformer, which, as is well known, consists of 
two balanced primary coils Pi and P2, and a secondary coil S. K is a 
carborundum crystal rectifier connected to the secondary coil of the 
differential transformer, and G is a galvanometer to observe rectified 
currents. T is a signal generator which can give a signal of desired radio- 
frequency. In the present set-up a Ferris signal generator was used. To 
one of the primary coils of the differential transformer is connected a varikble 
condenser Cj, and a resistance R in parallel. To the other primary coil is 
5— 1778P— I 
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connected the crystal and a suitable air condenser C2 of about 100 mmf. 
in parallel. 

At a particular setting of C'*, which is kept constant throughout the 
experiment, R and Ci are so adjusted that current in the galvanometer is 
zero. The frequency of the signal generator is then changed . As soon as 
a natural frequency of the crystal is approached a large current appears in 
the galvanometer which detects the piezo-electric action of the crystal. 

Large current appears in the secondary circuit due to the fact that the 
reactance of the crystal at resonance suddenly drops 
to zero which unbalances the differential transformer. 
The reactance curve of the quartz crystal is very well 
known and is shown in Fig. 2, as given by Cady. It 
is seen from the curve that reactance passes through 
the zero value at both series and parallel frequencies 
f, and fp. Both of these frequencies are observed 
and the eflFective piezO-electric constant e is calculated 
by using the bridge method (Mason 1943), from 
the formula: — 

* _ Jr fe*/p < t a a 
e — — 7 , 



Determination of the piezo-electric constant dji was carried out using a 
crystal of frequency 3.9 me. and the result agrees very well with the standard 
value. The value obtained is 5.2 X lo-”. Further work at different tempera- 
tures and the determination of is in progress. 

The advantage of the present method is that easy detection and 
measurement of the piezo electric constants can be made quickly. At the same 
time the apparatus is simple and easy to set up. It is hoped that this will 
also lead to the measurement of Q of the crystal and ultrasonic velocities 
and absorption in liquids and gases. 
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GAS TURBINES— SOME METALLUI^ICAL CONSIDERA- 
TIONS INVOLVED IN THEIR 1|ANUFACTURE 

By H. TRIVEDI 

(Received for publication, Septetn^er 22, 1Q50) 

ABSTRACT. With the use of jet aircraft, the gas birhiue has taken the role of a 
militarily strategic equipment. This paper deals with tt^ studies of the gas turbine from a 
metallurgical point of view. The properties of the presetl| day material, used in its manu- 
facture, are reviewed. • A new material has been studied |br this purpose, which is believed 
not only to give better service, but will lead, in addition t(f the design of better gas turbines. 
That product has been made from raw material abundanlly available in India. 

It has long been recognised that the internal combustion turbine or gas 
turbine, as it is more usually called, was the ultimate form into which the 
internal combustion engine was likely to develop. 

Jn a simple gas turbine air is drawn into the compressor where it is 
compressed and passed on to the combustion chamber in which fuel is burnt 
continuously in the excess air. This raises the temperature and pressure of 
the excess air and products of combusion which are then allowed to expand 
through the turbine to exhaust. The heat in the exhaust gas from the 
turbine is used to preheat the compressed air on its way to the combusion 
chamber. 

The compressor, which is directly connected to the turbine and is driven 
by it, may be of the axial flow, centrifugal, positive displacement lobe type or 
a combination of these forms. 

The efficiency simple gas turbine can be increased by the adoption of 
any or all of various standard expedients of which the more important ones are : 

(i ) Increasing the turbine inlet temperature by bringing more fuel per 
pound of ' air. This gives an increased output from the same size of plant 
and markedly improves the fuel consumption. 

(a) Improving the efficiencies of any or all of the individual units in 
the cyle e.g,, the compressor, turbine or combustion chamber. 

(3) Using one or more interstage coolers to reduce the tem- 
perature of the air entering the latter stages of the compressor. The cooled 
air has lesser volume enabling it to be compressed in a smaller compressor 
with less expenditure of energy. The heat withdrawn in the intercooler has 
admittedly to be replaced by the burning of more fuel but this apparent dis- 
advantage is . more than outweighed by the saving in the compressor horse 
ppweo:,.. which appears as additional net horse power output from the plant. 
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(4) Reheatiug the gas in the course of its expansion by passing it 
through one or more combustion chambers, fitted between successive turbine 
stages. The reason why this gives additional power is obvious. 

It is frequently both convenient and advantageous to subdivide one or 
more of the units in a gas turbine installation. There are many ways in 
which this can be done, possibily the simplest case being the sub-division 
of the combustion chambers in air-craft jet engines, which often have as many 
as ten or more small combustion chambers operating in parallel. The 
advantage of this lies in the better engine lay-out it provides with reduced 
overall installation diameter aird more uniform distribution of the high 
temperature gases entering the turbine. 

The turbine itself may be sub-divided into two or more seperate units 
c.g., two turbines operating in series. The high pressure turbine drives the 
compressor and is on a separate shaft from the low pressure turbine developing 
useful power. Such an arrangement is used for ship i>ropulsion, as it allows 
the compressor and compressor turbine to be run upto speed before the 
propeller has got under way. 

In general, the eflSciency of a gas turbine depends on the basic cycle 
efficiency of the installation and the efficiency of the indivulual units. The 
basic cycle efficiency is inherent in the design, whereas, the individual effi- 
ciency depends on the condition of the equipment and the amount of intelli- 
gent maintenance given to it. 

Of all methods of improving gas turbine efficiencies, the raising of 
maximum gas temperature is at once the simplest, the most eflFective and the 
most reliable. 

The heart of the gas turbine is the rotor assembly and it is in the provi- 
sion of suitable materials for the rotor or disc and the rotor blades that the 
metallurgists biggest problem lies. Rotor blades call for a combination of 
properties not encountered in any other engineering device. In the first 
I>lace, the temperature at which the blades operate is now generally of the 
order of 7oo'’C or even more. 

Good high temperature properties are required ; but something more 
needed. Ihe material must have certain desired characteristics at room 
temperature and must have these qualities every time, for uniformity is one 
of the most important requisites for highly stressed parts. 

Oxidation and corrosion resistance are perhaps the most important 
lequirements. If they are oxidised or scaled or fail due to intergranular 
corrosion, they are no good. Load -carrying ability is the next essential. 
1 he property is measured by short time tensile tests at elevated temperatures, 
by the creep rate and by the stress required to rupture in a given number of 
hours at the desired temperature. Of these three tests, stress to rupture is 
the most widely used. Such a data must always be accompanied by. stress 
elongation curve that shows how much the sample deforms Jinder the losd« A 
metal which will carry the necessary load for 1000 hours without rapturing: 
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ihay, nevertheless, be useless for gas turbine parts if it were to stretch so 
much on application of the load that all clearances are destroyed . 

The conventional creep test, with both stress and temperature constant, 
does not offer enough data for design, purposes- Creep rate is normally 
understood as only the minimum value of j; stretch under continued constant 
load, but the initial deformation and she onset of third stage creep may be 
of equal importance. A scries of stress-rtipture curves for different tempera- 
tures with stress plotted against time ai^ another with stress plotted against 
elongation give a good idea of load carry i^ig ability. 

Structural ability is the next requi^ment. The material must retain 
its characteristic structure during expostvc to heat and stress or else undergo 
definite predictable changes. | 

As nearly all parts of gas turbines ar# subject to vibration, the fatigue 
strength of metals at elevated tempeditures is another requisite. Good 
damping capacity is preferred for blades, because a blade of high internal 
damping tends to inhibit the building up of resonant vibration. 

In addition to the above qualities, the material for service in gas turbines 
must be capable of assuming the desired shape, either through machining, 
forging or casting and of being joined to other parts either mechanically or 
by welding. 

A large number of alloys have been developed during recent years for 
service at high stresses and high temperatures mostly for use in gas turbines, 
jet engines and turbo-super-charges. There are some six or seven alloy 
groups which have been used for this purpose. They are given in the follow- 
ing table showing the more familiar alloy name, and the composition 
(Research Memorandum, 1947-) 

The alloys fall roughly into the following classes : 

(i) Stainless steel types with somewhat increased alloy content, such 
as 19-9, DI,, Timken 16-25-6 ; they are essentially Fe-Cr-Ni alloys, 

(a) Highly alloyed stainless steel types such as S-495, Refractalloy B ; 
these are also essentially Fe-Ni-Cr alloys, 

(3) Modified stainless steel types wherein cobalt is found in large 
amounts ; these are essentially Ni-Cr-Co-Fe base alloys such as 1^-155 or 
S-590, . 

{4) Stellite type alloys such as Vitallium which was one of the fii|>t, qf 
this group ; these are essentially Co-Cr-Mo or Cr-Co-W alloys. 

. . ' (5) Modified -stellite type alloys wherein certain elements are used in 
mcreasixtg araouiits notably nicked, tantalum, columbium, tungsten, carbon, 
etc., such as XrVfOn 73 J, and others. 
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(6) Inconel or Chrorael or N-chrome types such as Inconel X and 
Nimonic 8o. These are essentially Ni-Cr base alloys which can be made age-' 
hatdenable by additions of titanium etc. 

An additional group of considerable interest are the chromium base all<^ 
such as CM 469. They are, however, not yet practical alloys because of 
extreme brittleness, but may eventually be developed into extremely high 
temperature alloys. 

Table II lists, as far as possible, some of the tensile data from 70 to 
2000" F for the high temperature alloys of Table 1. There are also given some 
of the representative complete test results for various test temperatures as 
well as the particular treatment which gave the alloy its properties. These 
values are neither optimum nor the minimum values and it must be realised 
that below about i300°F many other values might be attained, especially 
among the forged group of alloys. Above about i3oo°F the values listed 
generally are those for the alloy in its optimum condition for maximum 
rupture life and resistance to creep at the higher temperatures. It can be 
noted from the table that the forged alloys show superior tensile properties 
above i3So°F. (ASTM, 1946.) 

Creep tests require such a long time for completion of tests that only a 
small number have been run. Table III gives the stress to obtain various 
creep rates for temperatures from laQo^F. Practically all of the tests were 
run for a minimum of aooo hours Actually 2000 hours is not sufficient time 
to establish a minimum creep rate in a test capable of enduring 20,000 or more 
hours under load, but from practical aspects the value is satisfactory. Some 
results obtained in 10,000 hours creep tests carried out at the U.S. Naval 
Eng. Expt. Station are given in Table IV. (Bureau of Ships Research 
1947). These tests indicate that the materials will last at least 10,000 hours. 
The creep rate at 2000 hours is definitely greater than it would be at 10,000 
hours, provided third stage creep had not begun. 

At i2oo*F, K42B is the best of the three alloys tested. At i55o®F' 
alloys S‘S9o and high carbon N-i53 show the best creep resistance. At 
X5 oo**F Refractalloy shows the highest value. Alloys S-495, high carbon N- 
155, S'497, and S-590 show similar creep results. It might be pointed out 
that the alloys 8-495 and S-497 contain only about 15% Cr. Their oxidation 
and corrosion resistance at i5oo*F and above is not so good as that of the 
2o%*or more Cr. alloys. The cast alloys with few exceptions show much 
higher creep resistance than do the forged alloys at 1500** and i6oo*’F. 

At i5oo®F the stress to cause a creep rate of x% in iuo,ooo hours varies 
from about 5000 Ib/sq.in. for Vitallium to 15000 Ib/sq.in fm- alloy io8'N-2. 
Alloys 93 N-2,ioo NT-3 and 108 N-2 sdiow stressess of 13000 to 15000 
Ib/sq.in. for a creep rate of 1% in 100, 000 hours at xsoo®F. . 
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Table III 

Creep rate data for forged and cast alloys from i20o°F to i 6 oo’F ; 
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Table IV 

loooo Hour Creep Tests at i 5 oo°F 


Alloy 

1 

! 

Heat 

Treatment 

Stress 

Ib/scj in 

Creep rate % per hour at 

Final reading 

Length of 
test, hours 

1000 hours 

20^0 hours 

92 N-2 

226 o"F-W(J 

10,000 

0000^92 

-4— 

1 ^ 

00040 

0 OOOOf»T5 

Cn 

0 

0 

N-J 55 

2300®F — WQ 

8,500 

0.00001 1 

i cj|ooooi8 

0.0000022 

10,078 

S-816 

2350* — WQ 

8,500 

o.otioo3 

1 (^00029 

0.000113 

10,103 


JL 


These alloys are all hiyh carbon m^ifications of N-i.s,s, which 
as a low carbon forged alloy, shows good crcQ|) resistance. These alloys are 
the nickel chromium-cobalt-iron base conipOteilions as are S-5Q0. 8-497, and 
S-495. Compared to the cobalt-chromium base alloys the former are much 
superior in creep, but generally poorer in rupture (short time) properties. 
The best cast cobalt-chromium base alloys at J5oo'’F show 5000 to iiooo 
Ib/sq.in. for a creep rate of 1% per roo.ooo hours. Except for Vitallium, 
which shows the lowest creep resistance, the stress for a creep rate of 1% 
per 100,000 hours at i5oo“F is fairly constant at 10,000 ± luoo Ib/sq. in. for 
III VT a-2, X-40, alloy 61, X-50, 73 J, 6059 and 422-19. At iboo ’F, X-40 
and 100 NT-2 show the best creep resistance at creep rates of 0.0001% per 
hour and above, while 422-19 is best in the lower creep rate range. 

The above alloys have so far yielded a fair amount of work aud have been 
widely used in turbine blades, jets, venturies and valves at high temperature 
in air-crafts. There is not, however, very great promise for going further 
in this direction. The reason lies in the short space between the temperatures 
at which the alloys are cast or forged into useful shajie.s and the temiieratures 
at which the finished parts must work in service. For this country there is 
yet another reason. It is not only economic but strategic as well. All the 
above mentioned alloys are composed of a very high percentage of metals 
which are not found in this country, c.g., Ni, Mo, W, Cb, Ta, Co, etc. 
If gas turbines have to be developed in this country, high temperature 
materials have to be produced without heavy consumption of these elements 
which are scarce here. 

One has, therefore, to look towards other refractory alloys. Thiough 
powder matallurgy combinations of metals may be tried which involve mate- 
rial not very easy to fuse* The hard compounds, which we use for making 
tools and grinding wheels offer themselves as the most interesting group of 
promising materials. They could be made into parts by powder metallurgical 
processes. They are strong in the formed and sintered state and are more 
erosion and abrasion resistant than pure refractory metals. The borides and 
carbides of refractory metals (e.g., chromium, molybdenum, tantalum, 
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colnnibiuin, titanium and tungsten) offer a great promise iu this field. The 
author has been expeiimcining foi a fair length of time on titanium carbide 
and Its use for liard cutting tools and for high temperature work. The com* 
pound was olioscn with a special motive. Titanium is found in fair abun- 
dance in this country, in the South as titanium dioxide in ilemenite sand and 
in the magnetite ore of Mayurl)hanj State, The author used the titanium 
after extracting it from tlie magnetite ore belonging to Sir India Singh, after 
all the vanadium in it had been extracted in the works of Vanadium Corpora- 
tion, a sister concern of Tata’s. Hundreds of compounds of titanium and 
carbon were made during the couise of experiments and a variety of binding 
media emrdoycd. The propcrtie.s given below belonged to one particular 
compound and one particular percentage of the bindiug medium, which gave 
the most promising high temperature jiroperties. 

'Titanium carbide was made in an expeiimcntal electric arc furnace and 
foimed into shapes of test rods by the method of powder metallurgy. 'X'he 
carbide was powdered and mixed with finely divided cobalt. It was cold 
pressed into shape at a pressure of 30 ton./ sq. in. and sintered in a graphite 
fmnace at about 1675‘^'C. It was tested at high temperature w'ith the follow- 
ing results ; 


^'rcnsile strength at about iooo°C 
^Transverse stiength at about iooo'’C 
Specific gravity ... 

Thermal conductivity, caIones/.sec/°C/cm 
Hardness [Diamond Pyramid Scale (50 Kg. load)] 


8 T/sq.in, 
40 T/sq,in. 
5-5 

O.OQ 

t6oo 


”0 m«rument 

TIkto wa. 1,0 api,arci,l ntlack t., comb, .Stic. up to „5o"C in 48 

hours, nor ,vas thcfc any ioss of strc.glh. The n.atcriai tvill, stands drastic 

• Tlic apimnitns in »liM, the material was tested for transeerse or tensile strenrth 
a. tooo-O „„s„,ed 5-. s'. 6* plarinam-wor, ad farn.ee ah, eh «a, Sn-dtrS^ 

speennen ll.i. permitted the healins of ,he apecinic, to .tjo-C with leTth^ r^' 

difference ui temperature over the m ^ i ^ ^ 

iiicau.s of four jauclmckf.. There were o applied by 

a.sst'nil)ly was niouiitcd on a heavy hotiyoi t 1 misalignment. The entire 

head could travel. The LadT we e Tm - -hich the movable 

head was actuated by a hydraulic ^ Under ope«ted b^hanr’ 

losses was determined by carrvimr our ki i * value of the frictional 

with strain gauges attached The sLc' ^ known steel samples 

longandi/r^ameterinLcentrlh^^^^^^^^ -‘i 3/8" in diameter with 

load attar holding tha spooimap a, th. tenii»r.tn« ta“'^“jf^ 

“»Te of 'th. .«.p,.. fn, 

had reached the proper temperature. * ^ when the test piece 
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ttierinal shocks. There was no appreciable change in strength when it was 
heated to about iooo“C and then quenched in water. Air cooling from the 
same high temperature leaves no effect oth^fr than an initial discoloration 
of the surface. Its thermal conductivity is a^ut i/io that of copper. 

The above data show that titanium ^rbide, properly bonded, could 
be used as a high temperature material for we in gas turbines and jet engine 
parts. The author has just started experiiT*nting with a bond of chromium 
metal. The work has not advanced suflicientiy for any data to be 
furnished. There are two other methods of inverting these refractory com- 
pounds into finished parts, and there are rnsons to believe that at least one 
process will yield better results than those gitpn above. Those two methods 
are : (i) hot pressing and (2) infiltration proJess. 

(1) Hot pressing : By this method the ||ressing and sintering processes 
are combined and performed at the same ^me. , The applied heat develops 
greater plasticity of the powders and permits the use of lower pressures 
(l Ton/sq.in.>. Graphite moulds may be used which is an advantage in the 
case of the carbide type hard compounds, for reasons of obtaining a protective 
atmosphere. After the part is formed another sintering at higher temperature 
may be done to complete the alloying and the fusion of components. 

(2) The infiltration process ; In this case a porous skeleton is formed 
of the refractory metal or hard compound phase, and thereafter molten 
materials of adequately high fusion point are drawn by surface tension into 
every pore and interstice of the sintered sketeton. The advantage of this 
method lies in the lower forming pressures, it not being necessary or even 
desirable to reduce the porosity of the original sintered part to a minimum. 
Only a small percent of the cementing agent may be mixed in with the 
original hard compounds. The remainder of the cementing material consti- 
tutes the impregnaut. This technique promises greatest success from the 
following considerations. 

(a) The skeleton manufactured before infiltration is a continuous 
matrix and so is the pore system which is later filled with the iufiltrants 
with the help of precision casting {e g., centrifugal casting, vacuum 
casting or gas pressure casting). With both systems being continuous, 
there is a lesser opportunity for internal cracks. Both the operations can 
be performed by using a single investment mould first for forming the original 
sintered skeleton and then for making the subsequent infiltration. 

(b) There is better controllability of grain size and the possibility of 
developing uniformly large grain sizes by heat -treatment of the parts after 
infiltration. This may prove to be of great importance from the stand-point 
of hot strength and creep resistance. 

(c) There is an advantage of making complicated shapes by 'keying 
to^^her similars sections and heating the assembly so that the infiltrant fuses 
add welds the simple shapes together. 

-7— 1778P— I 
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(d) There is a possibility of using a slight excess of the mfiltraot so 
that it spreads thinly over the entire surface of the part, thereby effectively 
covering it with corrosion resistant material. This coating will be continuous 
and entirely merged with the matrix of infiltrant, which previously has 
permeated the interconnected pore system of the skeleton thereby preventing 
spalling. 

From its inherent properties, chromium boride appears to show signs of 
interest. There are a number of borides of chromium, all, at least, as resis- 
tant to oxidation and chemical attack as pure chromium. Their basic hard- 
nesses are in the region of i/joo-tdoo on the diamond pyramid scale. The 
hardness diminishes only very slightly up to about temperatures 

now eini>loyed in turbines and jet engines. They are highly soluble in such 
metals as nickel, iron, cobalt or chromium so that the latter materials may 
be used as cementing agents. Moreover, their specific gravity is low. 

There appears to be yet another opportunity of the application of power 
metallurgical techniques for the production of high temperature material 
with superior service characteristics. It is in the use of oxides and ceramic 
compounds. It is already known that specihe oxides, such as alumina, can 
be combined effectively with such metals as nickel and cobalt, possibly with 
the aid of intermediate bridging metals, such as molybdenum or tungsten. 

Considerable work is being done at present in America on similar lines. 
The work carried on there may be divided into two broad divisions ; struc- 
tural bodies and protective coatings for metals. The first classification includ- 
es supercharger buckets, turbine bladings, exhausts nozzles, liners for expenda- 
ble and recoverable rockets and guided missiles. Although it is felt 
that these dynamic parts are stressed in a manner usually considered out- 
side the realm of ceramics, studies are nevertheless being made of the theoreti- 
cal mechanics of brittle materials with a view to possible design to eliminate 
this limatation. 

Coatings for metals have, however, received concentrated attention. It 
is obvious that one way to extend the temperature range and the resistance 
to chemical attack oi an existing alloy is to provide it with a protective 
coating. This coating must be sufficiently refractory to withstand service 
conditions ; it must have high resistance to chipping and cracking under 
repeated thermal shocks and it must be resistant to corrosion and erosion by 
hot gases and fluids. It should further be capable of easy application to 
complex shapes. 

Gas turbine power plant is composed largely of sheet metal parts, e.g., 

exhaust stack, tail cones, combustion chambers etc. Some ceramic protective 
coatings have already been developed which have given very good service 
and the life of engines has been increased by at least ioo%. 

It is worthwhile to indicate some of the directions in which this work 
is being carried out in XJ.&. A. Attempts have been made to coat alloys by 
spraying refractory materials through a flame directed on the 
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to metalliziag process. Investigations are also being carried on the alloying 
of the metallic constituent of metal bonded ceramic bodies with the surface 
of the metal to which it is applied. Impregnation of the surface of alloys 
with refractory oxides through pressure is also being explored. 

One of the most interesting woifc in this connection is that 
pursued by Armour Research Poundati^ in collaboration with the Air 
Material Command of the U.S.A. This ^search programme involves the 
study of ternary and quarternary ceramia oxide systems in search of a glass 
composition which will fuse to a homogeneq|is mass at a temperrturo within 
the normal temperature range of cerain enamels. Tbe coating is to be 
applied in either of the two convention! ways, i.e., by sifting the dry 
material on to the heated metal part, or by |dipping the object in a slip or 
slurry of the ceramic composition. ^ 

After the unfired ceramic coating has bfen applied, the metal object is to be 
subjected to sufficient heat to cause the c^amic materials to fuse to a smooth 
adherant coating in the usual manner of porcelain enamels . The enamelled 
object will then be heat-treated or annealed, causing the glass coating to separate 
into two continuous, but mutually immiscible phases. One of these phases 
should be more soluble than the other, so that it may be leached out of the 
glass structure with acid, leaving the other less soluble, more refractory 
glass in place on the metal. A third heat treatment or perhap.s service con- 
ditions should cause the vesicular glass residue to fuse to a smooth thin 
impervious, highly refractory protectice coating. 

Kssentially this j^rocess is similar to that involved in the manufacture, 
of Vycor, a heat resistant glass made by Corning in U.S.A. In this process 
a borosilicatc glass is melted in a tank, from which it is drawu to form 
beakers, flasks, crucibles and other chemical wares. After the w'are has 
been moulded, it is annealed to cause separation of the glass into two distinct 
immiscible phases. Sulphuric or hydrochloric acid is used to dissolve out 
the more soluble glass, leaving a porous structure composed largely of a 
thickly siiicious glass in the original form of the object. Reheating causes 
the silica glass to soften slightly well below its melting point, converting 
the cellular structure to a non-porous, vitreous condition. 

The gas turbine is the latest form into which the internal combustion 
engine has developed. It operates on the same basic thermodynamic cycle 
as the Diesel engine. Although only Diesel fuel is being used at present for 
most of the gas turbines, heavier fuels and even pulverised coal will soon be 
used in them. Even now experiments are conducted in the U.S.A. for the 
use of pulverised fuel in locomotives fitted with gas turbines. When 
problems connected with the use of coal for running a gas turbine are solved, 
it will be in a position to extend its challange to practically the whole gamut 
of heat engines within its range of powers which, at the moment, extends 
from about 1500 to a6,ooo H.P. In following up this challange the gas 
turbine has the advantage that it may be built in many forms, so that quite 
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apart from questions of cost or efficiency it is mechanically capable of Mtisfy- 
ing the most varied requirements from those of the power units for tighter 
air-crafts to those of huge turbo-alternators of base load electricity genera- 
ting stations. Unless some means is found for direct conversion of- fission 
energy, the closed cycle gas turbine* with helium as the working fluid is 
likely to find extensive use as the most favoured method of power generation 
from atomic piles. Intermediate and more immediate application of promise 
include the powering of locomotives and ships. 

The future of gas tui*biue, jet turbines and even perhaps the efficient 
utilisation of atomic energy rest upon the ability to construct working parts 
and housings that will function at higher and higher operating temperatures, 
up to and beyond i4oo°C. And at those temperatures the materials must 
have strength, resistance to creep, resistance to impact and heat shock, 
corrosion resistance and sufficient hardness to resist the abx'asions and erosions 
of extremely high speed gas streams. 

To combine such properties is quite a task which the mechanical 
engineer, the power engineer and the atomic engineer are anxiously waiting 
for the metallurgist to fulfil. And fulfil he shall. 

jAMSHKorUR Encinrerinc; and Machine 

Manufacturino, Co. Ltd., Tatanaoar. 

♦ Gas turbines where the fuel is burnt directly in the working air are known as "open 
cycle" macliine.s. If, however, it is desired to use .-.ome medium other than atmospheric 
air for the working fluid then this can be done by a.sing a "closed cycle arrangement’’, 
where the exhaust gas from the turbine is passed through a cooler and then returned to the 
compressor inlet, the same gas being used continuously over and over again. 

Various gases have been proposed for use as the working fluid m closed cycle machines, 
but the must popular at present is compressed air. The advantage of using compressed air 
instead of atmospheric air Is that because of its greater density cunipresFod air has better 
heat conduction and convection characteristics and thus enable.s heat exchanges and inter- 
coolers to be made both smaller and more efficient. As a result of large .scale atomic 
fission, helium Is expected to be both cheap and plentiful. In that event it will be the gas 
to be used in closed cycle gas turbiues. 

The closed arrangement does, therefore, lend itself to the relatively economic production 
o^he more complicated cycles with several stages of mtercooling, several stages of reheating, 
pensive heat exchange etc. Its advantages show up best on large machines of s4y 30 000 

The disadvantage is that without these complicated refinements the closed cycle is less 
efficient than the open cycle and it is. therefore, not altogether snitaMe for marine or 
li^motive use Where space is at a premium, nor is it attractive for peak load or stand-by 
plants m which simplicity and low first cost are more important than a slight saving in 


references 


ASTM, 1946, Symposium on materials for gas turbines, June. ' ' 

Resea^h Memo. T947. No 5-47, Navsbips 350-33012 of tJ. S. NaVy Bureau of shats. 



8 

ON THE RAMAN SPECTRUM ^ OF DIPHENYLMETHANE 

By S. K. MUKERJI ani^BANARSI EAL 

{Received for publica^n, Nov. 2, 1950) 

Plate I 

ABSTRACT. The Raman spectrum of dipiaicuylmetliane has been sfud’ed by u?i'ng 
A 4358 a.s the exciting line, the substance has yielited i8 Raman lines, some rf them being 
not recorded before. These lines are at 3057(6A 2914(3 ), 3789(4) , 1610^6), 1590(4), i425'2) 
1280(2), ii8o(2)bd, 1026(6), 1004(10), 8i3(4)diff., 140(4), 612(4), 550(2), 461(1), 280(2), 231 (4) 
and 194(4) cm”* respectively. The observed freq|iencies have been compared with those 
of diphenyl observed by previous anthers, and it lias been found that all the frequencies of 
dipnenyl-are also present in diphen5draethane. 

INTRODUCTION 

Elizabeth and Grigler (1932) were the first investigators who made an 
attempt to obtain the Raman spectra of diphenylmethanc. Tlicy have re- 
ported that the lines in the Raman spectrum of diphcnylmethane are 
characteristic of both aromatic and aliphatic linkages. Eater, Donzelot and 
Chaix (1935) investigated the Raman spectrum of this substance but 
their results do not agree with those of the previous workers. The present 
investigation on diphenylmethane was undertaken after the Raman spectrum 
of diphenyl was thoroughly studied in this laboratory by one of us (Mukerji and 
S. Abdul Aziz, 1938). It was, therefore, considered worth while investigating 
how fai the lines observed in diphenylmethane agreed with those of diphenyl 
as investigated by them. Our investigation not only verifies the frequencies 
present in diphenyl but clearly demonstrates that all the important vibrations 
of diphenyl remain in-tact in diphenylmethane- In addition, in this substance 
w’e have obtained the very important characteristic frequency of the methyl 
group at 2914 cin“*. The remarkable coincidence between the frequencies 
of diphenyl and of those of diphenylmethane can be seen in the accompanying 
Table I." The substance, which was liquid at ordinary temperature, was 
highly fluorescent but by using suitable filters the continuous spectrum 
' ^s very ■ greittfy- Suppressed, and the back-ground was more or less free 
from fluorescence. With an exposure period of abbut 40 hours Ss many as 
eighteen lines were recorded. 

i ., . i^XPRRIMENTAI/ 

- ' biphettylme^hane obtained from the Research l^aboratory of Eastman 
" iCddkTc- Company - was further purified by slow distillation tin vacudm. 
* ^ 4 h 6 'flistifiat 6 '-WM directly -taken into the U-tube. It was then exposed 
tho-f^hf Tof a: ajobo«-<vi(gtt. high pressure mercury arc lamp, consuming a 
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current of about three and a half amperes. Bxposttres of of 40 

hours were given and Ilford Selochrome plates were used fr»r photographing 
the spectra. The spectrograms were otjtained with a fairl^ rapid glass 
spectrograph, having a dispersion of atxmt 21 A.U. per mtu in the region 
A4358A. The plates were measured with an accurate Zeiss Ikon Comparator 
and the wavelengths were calculated by the usual method. 

Table I 

Raman shifts in wavenumbeis for Diphenylmethane along with those 
of Diphenyl and Methane. 


No. 

Diphenylmethane . | 

Diphenyl 
(Mukerji A Aziz) 

Methane 

1 

1 194 (4' 

193 (ij) 


2 

231 (4) 

267 (4) bd 


3 

380 {2) 


4 

461 (i) 

449 (0) 


5 

550 <2) 

548 (il 


6 

612 t4)ditf 

614 (4) 


7 

740 (4) 

813 (4I diff 

740 (5) 

779 l 4 ) 


8 

838 (4) bd 


1003 (10) 

9 

1003 (jo) 


zo 

2026 (6) 

1033 (5) 


II 

1180 (4)bd 

1189 (3I 


12 

1280 (2) 

1383 (lo) 


13 

1425 (3) 


14 

iSQO » 4 ) 

1590 (8) 


Tt 5 

1610 (6) 

j 6 io (10) 


It 

2789 (41 



*7 

3914 (3) 


3914 <lo) 

3022 <2) 

18 

3057 (6)db 

3063 (s) 

3071 '») 


bd— broad and diffused 
d=s diffused. 


RESULT AND DISCUSSION 

. Diphenylmethane which was obtained by replacing two of the hydrogen 
atoms of methane by phenyl groups, was expected to give the fundamental 
frequencies of benzene which were also found to be present in diphepyl, 
tMukerji and Aziz, 1938). As the table given here will show tdl the seven 
Raman active modes of vibration of benzene which ate considered to be 
fundamentol modes of vicration, have been observed to be present in 
diphenylmethane. The characteristic frequency of methane at 2914 cm"* 
is, as the above table will show, was also observed in diphenylmethane. 

Amongst the other most important frequencies of diphenyl, via., frequencies 

at 1610, *500 and *003 cm“^ respectively observed in diphenyl, have idso 

been fi wod to exist fairly strongly in diphenylmethluie- The line et g*78 
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— Hg4046A.U. 
--JHg4077A u. 


--Hg4^58A U 
- -194 
_231 
- 280 
' 612 

-^1003 

-1180 

- 1590 
' 1610 


Hg49l6A.U. 

-2914 

-3057 


— Hg5460A.U. 


Hg 5769 A U. 
Hg 5790A,U. 


Raman spectrum of cliphenylmethane 
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cm**^ of benzene is also given by this substance on Plate 1 as a broad 
and diffused band at n8o cin”^. But the most intense line of diphenyl at 
1283 cm"*, which is not present in bestzene, and which appears equally 
strong in all the compounds of diphei#lbenzene family, appears only 
feebly in diphenylmethane. This shows |hat the line at 1283 cm"^ observed 
in diphenylmethane has a different origin f|om that of 1283 cm”* observed 
in diphenyl and other compounds of the feiphenylbeiizene family. (Mukerji 

and h. Singh, 1942, i945)- I 

Three very low frequency line.s, h»e also been observed in diphenyl- 
methane at 280, 231 and 194 cm“^ respectively. The frequency at 231 cm"* 
which is found to be fairly strong, di not appear in diphenyl. But the 
very low frequency at 194 cm"’ ^'hicB appears fairly strongly in this 
substance, appears only as a very feepe line in diphenyl. These low 
frequency lines are evidently due to Jaitice oscillations which appear only 
feebly in diphenly but are remarkably prominent in diphenylmethane. 

Drpartmbnt op Physics, 

Agra Couege, Agra. 
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ON WAVE NATURE OF MATTER* 

By BRAHMANAND^ MISHRA 

{Received for publication^^July^ ig, 1950) 

Plates II A a|id B 

ABSTRACT. The molecular beams obtained b| vaporising sulphur ami paraffin have 
been allowed to pass through a slit and condense on an ice-cooled glass plate. It is 
observed that the deposited pattern consists of paj^llel lines with their lengths parallel 
to the length of the slit. A tentative explan^ion is offered that the fringe system is 
produced by diffraction of a type of waves associated with the molecules at the slit. On 
this assumption the corresponding wavelengths have been calculated and have been found to 
be of the order of .027 mm in both the cases. Such a wavelength is different from De Broglie 
waves and is of the order of those corresponding to vibrations of the single molecules. 

INTRODUCTION 

In 1947, while working under the guidance of Professor Massey of London 
University, the author observed that vapours of paraffin and sulphur, after pass- 
ing through a circular aperture, deposit in the form of concentric rings on an 
ice-cooled plate but could not ascertain the phenomenon to be the diffraction 
of a type of radiation associated with the molecular beam. On reaching India, 
the author pursued the investigation to study the actual nature of the 
phenomenon. 

P R 1 N C I P L, E OF THE EXPERIMENT 

The actual experimental arrangement is illustrated in Fig. i and the 
parts are given below : 



♦ Comtnanicated by Prof. S.-N. Bose. 
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— Calibrated thermo-junction for recording temperature. 

H — An electric heater. 

An induction coil for passing a discharge through a tungsten 

electrode, I. 

/> — Pump. The pumping system consisted of an Apiezon oil pump 
backed by an oil diffusion pump. Pressure was judged from the 
no-discharfge state and blue luminescences on the glass walls. 

A thin film S of the substance was slowly evaporated at pressures of lo'* 
cms. of mercury and at temperatures near the melting point of the substance i 
and the vapours, after passing through the slit A, were deposited on the 
collecting plate O. The fringe- width was measured with a comparator and 
the wavelength of the corresponding radiation was measured by assuming 
that the fringe system is produced by diffraction at the slit. The radiations 
gave a system of overlapping fringes, as indicated in Fig. 4 of Plate II B, from 
which the different fringe systems were sorted out and the wavelength was 
calculated from the equation \ — aW/d, where a = slit width, TF= fringe width 
and <i = distance between the collecting plate and the slit. (')nly three of the 
patterns are reproduced in figures 2, 3 and 4, of Plates II A, B, 

R E S U h T 8 

The results are given in 'Pabk* I for sulphur audli)araffin vapours at two 
different temperatures. 


DIvSCUSSION 

In Table I, coltimu 5, we calculate the av’erage wavelength to be 
associated with a molecule to produce the kinetic energy given by the 
kinetic theory of gases with the help of the formula lmv^ = hv, where 
v^-^RT/M. This gives us the average wavelength A„ From 
the table it appears that the calculated wavelength is in the range of the 
observed wavelengths. 

hrom columns 4 and 6, it can be seen that in the case of paraffin three 
distinct fringe systems give us three different wavelengths, wave numbers 
corresponding to which are 33-8, 166.3 and 1240.1 cm~* respectively at 
74'’C, which increase to 57, 248 and 2756 cm"’ at iro“C. Similarly in the 
case of sulphur there are four different wavenumbers ranging from 71 upto 
2481 cm"’. Of these only the first two increase at i2o"C, the other two 
remain unaffected by the rise of temperature. These wavenumbers thus 
correspond to the vapours of the single molecule in the case of paraffin, 
the smallest wave number, however, is much too small to be accounted for to 
this way* In the case of sulphur, the frequencies 71 and 213 are to 
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PLATE 111 



Fl^J 2 


Single slit— 6.2x0.17 cms. Temperature ^110°C. Substance paraffin. 

More than two system.s of overlapping fringes are distinctly seen. The finest fringi 
system is due to C H stretching vibrations. 


A = 0.0036 mms., Wave number- 2756 cm. ^ 
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Fig 3 

SiiiflK' silt -('» 2 X 0 17 cnis Tcmporatun* 7 rC. Suhstanco - sulphur 
A 0 01411 mnis Wave iiumhor - 71 cm > 

Since the fiinge width ol the tringe system uicteases with the rise ol temperature, no definite 
conclusion rej^ardinfj tlie interpretation of the associated ladiation has yet been arrived at. 



4. 

Single slit .-6 2 x 0.17 eras. Temperature lai'C Substance -sulphur. 

r"£r to the ottoSes SX ra^^^^^ 

X, -0.00ai«ras, x,^.0.004rams. x,--0.0022ra,ns. denote the wavelengths ol the associated 
radiations due to the vibrations of the Sg molecule. 
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the neighbourhood of those Raman lines observed in the case of crystals 
of sulphur. It is difficult at this stage to visualise how these vibrations 
give us the diffraction fringe system, as observed in the present case; 
the investigation with different slitwidths and other substances at different 
temperatures are in progress in order to verify that this is actually 
case of diffraction , 


RavKN.SHAW CoLf/Kdl',, 

Cuttack. 


R Iv I* n R ]<: N C E S 


IlerzlKTg, 19.15, Iiifni-red and Raman Spectra, pp. 195, 316 and .!62- 
Vciikatcswaran, I'.wS. 1933, Pioc Iiui..lcad. Si i, 120 
>» n > »i *1 345’ 
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A NOTE ON THE RAMAN SPECTRA OF CH.Cl, AND 
CHCIo IN THE VAl>OUR STATE* 

Bv M. V. feAO 

(Received for publication^ January' lO, jyji) 

'i- 

IMate ill 

ABSTRACT. The Raman .spectra i>f methylene i hloride in the liquid itate at 55*0 
and in vapour slate at 6o*C as well as those of chft}rt)foi 111 in the H<]iiid state at yo'C and in 
vapout state at gS'C hare been investigateil ’ll is (jb.served that in both the cases some 
of the prominent lines undergo changes in the intensity and po.sition with the changes 
from liquid to vapour state. In the ca.‘-e of chloroform the line 3014 cm"’ seems to be 
weakened very much wirh the vapor izal ion of the liquid. It is also .suggested that the 
probability of inelastic scattering may be increased by action of iutermolecular field in the 
state of aggregation. 

INTRODUCTION 

The Raman spectra of a large number of substances in that vapour state 
were studied by Nielsen and Ward (1942) who observed that some changes 
in intensity, position and width of some of the lines take place with the 
change from liquid to vapour state. It was observed by those authors that 
it was difficult to record satisfactorily the Raman spectra of the vapours owing 
to appearance of continuous background at the high tempertures and also 
owing to photochemical decomposition in some cases. A programme for the 
study of the Raman spectra of a few organic compounds in the vapour state 
was, however, undertaken in this laboratory in order to find out whether 
the intensities of Raman lines due to the molecule in the vapour state are 
of the same order of magnitude as those observed in the case of the liquid 
state and also to find out in some particular cases whether any large change 
takes place in the structure of the molecule in passing from the liquid to the 
vapour state. The technique used was first tested with some simple 
molecules and the results obtained in the case of CH2CI3 and CHCI3 are 
discussed in the present paper. 

Ti X r E R I M E N T A E 

The experimental arrangement was similar to that used by Nielsen and 
Ward (1942) excepting the fact that solution used for filtering out particular 
lines of the mercury arc was not used in the jiresent case. Six mercury arcs 
in Pyrex glass each 15" long, made in the laboratory, were used for illu- 
minating the vertical tube containing the vapour at a temperature ^ much above 
the boiling point of the liquid. Hot air was firculated through the double- 

** On ttim M-nlpAted by Pfof* S. C. Sirkar* 
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walled tube in which the tube containing a calculated small quantity of the 

liquid was placed in order to get the vapour at a high pressure. An Adam 
Hilger two-juism spectrograph with a dispersion of about 27 A/mm in the 4358 
A region was used in the present investigation. The exposure needed just to 
record the Baman spectra was about 72 to 90 hours in spite of the high light- 
gathering power of the spectiograph and the large intensity of illumination. 

R 1; vS u Iv T s 

The spectrograms obtained in the case of methylene chloride and 
chloroform in the liquid and vapour states are reproduced in Plate 111 . 
The lines for the vapour are very weak in the original spectrogram and 
therefore they are not reproduced satisfactorily. They were, however, 
intense enough to allow the correct measurement of their frequencies and the 
rough estimation of their relative intensities. The faint lines could not be 
recorded, because on increasing the exposure, the continuous background 
of the spectrum of light from mercury arc seemed to mask them. The 
results are given in Tables I and II. The data published by Nielsen and 
Ward (1942) have also been included in the table for comparison. 

Table I 

Methylene chloride 


Nielsen and Ward (19/I2) 


PrCvSent author 


l^iquid 

A** in 

Vapour 

A*' in cm * 

Ivkjuid at 55'’C 

ill cm"* 

Vapour at 6o®C 

A*' in cm"* 

284 (.s) 

281 (5) 

281 (5) e, k 

276 (0) c, k 

700 (10) 

712 (io> 

700 (8) c, k 

1418 (0) c, k 

70S (3) k 

2990 (7) 

3002 (t5) 

2986 (6} c, k 

304,^ (o> c, k 

2988 (2) c, k 


Table II 

Chloroform 


Nielsen and Ward (19.43) Present author 


Liquid 

Ai' in cm"' 

Vapour 

1 A*^ in cm"' 

i 

Liquid at 32 

A*' ill cm"' 

Liquid at 90*0 

A«' in I'ni"' 

Vapour at 95 *C 

Ay in cm"' 

261 (xo) 
366 (10) 
668 (to) 
760 i6di 
X 217 U) 
3019 <6) 

261 (adi 

3^3 ( 3 ' 

672 ( 4 ) 

760 (1 vd> 
1217 (i) 

3030 fi) 

260 (lOl +C. +; fe 

365 (SI +<•. ±k 

671 (8), c ±k 

7% '5dl, e, k 

1219 (1) f, k 

3014 (s) e, k 

260 Uo' ± f , + fe 
365 (8‘, +<*. +* 
671 (8 , e, ±k 

760 (5dil>, e, fe 

1 1219 (i) c, k 

3014 (5) e, k 

246 (2) e, k 

363 (d e, k 

675 ( 4 '. «. * 

76s (2», k 
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DISCUSSION 

It can be seen from Table I that in the case of methylene chloride the 
three prominent lines 281, 700 and 2986 change respectively to 276, 708 

and 2988 cm“’ when methylene chloride a^6o‘'C changes from liquid to vapour 
state. The magnitudes of the shifts are aightly different from those reported 
by Nielseu and Ward (1942), but this Anay be due to the fact that the 
temperature of the vapour in the present ^vestigatioii is a little lower than 
that in the investigation of the previojls authors. The relative intensities 
of the three lines observed iii the cas^ of the vapour in the present 
investigation indicate a diminution of th^ intensity of the line 276 cm”^ with 

the change from liquid to vapour phase. I This may be due to broadening 
of the line in the vapour phase. 

In the case of chloroform the lines 260 cm“' and 760 cm“* shift respec- 
tively to 246 cm~^ and 765 cm“^ with the change from liquid to vapour 
phase. No such shifts were observed bj' Nielsen and Ward (1942). The 
line 3014 cm“* due to C-H valence oscillation is totally absent in the 
spectrogram due to the vapour, although the other lines of slightly higher 
intensities are recorded distinctly. It is doubtful whether this may be due 
to insufficient exposure and the efifect of inertia of the photographic plates, 
because the line 760 cni~^ which is of the same intensity as this line in the 
liquid state has been clearly recorded in the spectrogram due to the vapour. 
It seems, therefore, that either the line 3014 cm“* becomes very diffuse or its 
integrated intensity actually diminishes appreciably with the change from 
liquid to vapour state. This observation is not in agreement with that of 
Nielsen and Ward (1942) who did not observe any change in intensity of the 
line, but actually recorded a line at 30300111"' in the vapour state. Also 
the shift of the line 760 cm~^ to 765 cm"' was not observed by them. 

The preliminary results obtained in the present investigation also indicate 
that the absolute intensity of the Raman lines due to all the different modes 
of vibration of the molecule diminishes with the change from the liquid 
to the vapour state. This conclusion is drawn from the fact that the 
intensity of the lines due to a particular mass of vapour recorded with very 
long exposures seems to be much lower than that of the lines due to the same 
quantity of the liquid. This may partly be due to the extra loss of intensity 
of the incident light caused by total reflection at the inner surface of the 
wall of the Pyrex tube containing the vapour and absence of such reflection 
in the case of the liquid, but the observed low intensity of the Raman tines 
in the case of the vapour cannot be wholly accounted for in this way. It 
seenta to be likely that the probability of inelastic scattering is iifcreased by 
intermolecular field in the liquid and solid states of the molecules. No 
definite conclusion can, however, be drawn without making quantitative 
estimation of the intensities in the case of liquid and vapour states. 
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THE ABSORPTION SPECTRUM OF BISMUTH SULPHIDE BiS 

By P. K. $UR 

iKeccivcd fot publicaiion^^Aiif^itsi 21, 1950) 

ABSTRACT. Two band systems of the BiS molecule have been obtained in absorption 
in the near and farther ultraviolet regions {A\3i|>56 — 235i) and (^^2312 — 2133). Most of 
the bands in the two system have been classi^ed, and their vibraLional levtds assigned. 
A number of bands, however, remains iinclas.sifieiof which a list is given in Table II. The 
liand heads seem to lit in the following formiilae within exp, rimenial erroi which, in a 
few cases of weak and diffuse bands, amount to more than i A, /.c., about 25 wave numbers 
in the farther ultravl det region. 

System I ‘y=372i7-35+378-'1 w'-S *7 m'*- 386 ?t"+ 3-5 «"* 

System II 7 = 45530+775 //'— 6 o«'*— 386»" + 3.5 h"® 
where « = (v+i). 


introduction 

Shartna (1948) had observed in absorption two prominent band system 
of the BiSe molecule in the ultra violet regions (AA2900 — 2700) and 
(AA235 o~ 2200) respectively at leinperalures from 950*^0 to ii5o°C using an 
absorbing column of vapour of the mixture of bismuth and selenium metals 
in pioportional parts, heated within a graphite tube furnace. It was thought 
that a similar molecule like BiS of the same group might also give rise to 
absorption bands near about the same region. Further, there was chemical 
evidence of the independent and stable existence of BiS molecule with a 
definite melting point 685 ®C, which was quite suitable for obtaining an absorb- 
ing column of vapour inside the available graphite tube furnace. These 
considerations led to the present investigation. Two baud systems, one very 
extended and the other much shorter, were obtained ui absorption as ex- 
pected of the molecule in the regions (AA3056~ 2351) and (AA2312 — 2133) 
which were degraded to the red and to the violet end respectively. Ihe 
heads of nearly all the bands of the extended system .seem to fit m the for- 
mula, 

I Y=372I7.35 + 378-4 "'“5.7 "'*-386 "" + 3.5 

and those fewer band heads of the shorter system fit in the formula 

II ‘7 = 45530 + 775 tt'-6.ou'*-386«" + 3.5 «"* 

The agreement between the observed and calculated values of the band heads 
of the first sytem, particularly for higher values of v't is not satisfactory in 
view of the fact that proper assignment of v' values for a case like this is not 
possible, as discussed later. The constants for the system II are not quite 

2—1778?— 2 
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certain on account of very insufficient number of bands. The formula 
jiroposed is, however, the best approach possible to explain the i)Osition of the 
band heads observed. 

E X P 15 R I M E N T A E 

A pure specimen of the BiaS., molecule could not be obtained, and hence 
a sample of the salt was prepared by passing- HaS in a BiCl., solution. The 
precipitate was washed several limes repeatedly until it was definitely establis- 
ed by cheni’cal tests that it became free from hydrochloric acid. The precipi- 
tate was left for several days inside a desiccator. The salt so prepared was 
inti'oduced into a vitieosil tube, about 5 mm bore and 20 ems Ioiir, which was 
inserted into the Acheson grajdiile tube of a vacuum furnace. The furnace 
was originally designed and used by Saha, Sur and Mazumdar (1926) for their 
work on thermal ionisation and later on modified and used in this laboratory 
by many workers for experiments on absorption .si')ectra. The graphite tube 
w^as held in a horizontal position by means of carbon blocks fixed to the 
electrodes with nuts and bolts. The electrodes, as well as the w^alls of the 
furnace, were kept cool by a water circulating arrangement. The projecting 
ends of the furnace in the lengthwise direction were closed by quartz 
window's which were cemented by sealing w’ax. The line joining the centres 
of the windows wa.s adjusted to coincide with the axis of the hollow graphite 
tube. The fixrnace was provided with side windows to make observation 
inside the furnace, I he electrodes were heated electrically by a heavy 
current of several amperes derived from the secondary of a step down 10 k.w'. 
transformer operated by no volts-A.C. The graphite tube could be heated 
to a temperature of about acoo^C by inductive control in the primary circuit of 
the transformer. 

1 he source of continuum was a water cooled hydrogen di,scharge tube 
fitted with a quartz window. The discharge was run by a 3-k.w., H%T. 
transfoimc] operated by no volts-A.C. The spectrum was x*hotographed 
\vith a copper comparison spectrum on B.20 Kodak plates with a medium 
sized quartz specti-ograph. An oixtical pyrometer was used for measuring 
the temperature of the furnace. An exposure ranging from 45 minutes to 
I hour 20 minutes was necessary to bring out the bands on the plates. 

Both the systems of absorption bands develop within 85o°C-iooo‘’C which 
seems to be the optimum range for observing these bands. Three different 
exposures are taken at temperatures (850- 875) °C, (925- 950) ■’C and (950- 
io25)°C. A progressive development of bands was observed. In the first 
plate was recoided only 25 bands. In the second, additional bands A2980.5, 
Aa732-7. A2569.7, A2554.8, A2516.7, A249S.8, A2481.2, A2435.7, A2418.8, 

A2406.7 and A2392.3 were recorded, and in the third a number of additional 
bands were developed, though very weak, towards the v' progression, as an- 
alysis has revealed. The following additional bands were observed on the 
thrid spectrogram : Asoss-S, A2560.9, A2477.2, A2470, A2464.5, A2453.9 T 
A24§1.3, Aa447.3, A2433.3, A2392.3, A2377-3. A2357,8, A235i,6, 
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vSome of the bands whicJi came out on the 2nd plate were found missins on 
the 3rd plate taken at a higher temperature. These are A2857.oand A2569.7 
which fall in the list of unclassified bands as appended in Table II. 

R K S U L T S 

In making out the final list of band heads of the BiS molecule, the best 
possible mean of the measurements from the different plates are taken wher- 
ever the bands are observed on more than one plate. Table I gives the 
wave lengths in X, in air, visual estimates of their intensities on the scale 
of It), wave numbers observed in cms“* in vacuum and those calculated 
from the formula. The last column gives the vibrational analysis. 

Table V gives the iJeslaiidre’s scheme for system I, Fig i gives the 
intensity plots of the band heads and the Frank Condon parabola. Table 
111 and Table JV give the corresponding arrangements for system II. 

Table TI gives the list of unclassified bauds wich are all of very poor 
intensity. The iiosition of their heads are mostly uncertain, and they are 
observed in any one plate. 

General features of transitions in absorption for system 1 , as depicted in 
Table V, can be explained by the upper and lower states A tk B, as shown in 
Fig. 2 in which r^' > o/ <<•)'' and slightly less than Do". Table V 
shows that bands v", o and v', o to 5 are not observed, which is explained 
by the above figure. The thin continuous lines, shown vertically from v" to v' 
levels of the electronic states li and A respectively, serve to explain the 
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observed t)ands of strong and moderately strong intensities according to 
I<'rank and Condon principle. The figure explains that transitions from the 
r,„i„ side of v" levels 3, 4 and 5 are not possible so that bands with v" equal to 
3, 4 and 5 l<j v', o are only possible from r,„ux side of these v" levels as are 
actually observed, and shown in Table V. 

Transition indicated by thin dotted lines are either inadmissible or else 
have poor intensities, as they end on about the middle of the 0-0 level of 
the upper state A where the kinetic energy of oscillation of the level is 
greatest, rins jiossibly explains why in Table V no bands are observed for 
v' , <1 and v'\ 6 to y. 

I'oi a typical case as this where 1 / "> r <C. m" and slightly 
less than l\!' , iiy curves are assymmctrical about i.c, equilibrium positions 
and molecules spend an extended period of stay at the rmux positions, so 
that transitions from rma, positions of the fir curves are more probable.* 

Intensities, as expected in absorption from the ground state B to the 
upper state A accoiding to Frank and Condon principle, are shown in 
figure 3. The expected P'rank Condon parabola shows the assymmetrical 
branches along the v' and v" progression with the intensites along v" more 
pronounced. All these facts are in agreement with the observed intensity 
plots of the bands and the P'rank Condon parabola as as shown in Fig. i. 

< )nly strong transitions according to PTank-Condon principle are considered 
in obtaining this curve from the two states A and B of P^'ig. 2. 

’I Tvpc IV discussed on page 39 in Introdnction to Molecular Spectra by R. C. 
Johnson (Methuen). 


A C K N 0 W h K D G M R N T 
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12 

ULTRASONIC VELOCITY IN ORGANIC SOLUTIONS II 

By K. C. tAL 

(Received for publicatioi$, July it;, jg$o) 

ABSTRACT. In this paper is reported the ^ultrasonic velocities and adiabatic com- 
pressibilities of solutions of benzoic acid in pibsolute alcohol, iso-butyl alcohol and 
carbon tetrachloride at various temperatures. ^ 

The results are in agreement with thOwse repotfed in the previous paper. 

* t 

INTROnU(|TION 

4 ' 

)E 

In a paper reccjit'y communicated the'author (Lai, 1950) gave experimental 
determinations of ultrasonic velocities in solutions with a solid solute. It was 
observed that the presence of a solid, however small it may be, always lowers 
the velocity. The present paper forms a continuation of the series, the 
investigations being on the following solutions. 

I. Benzoic acid in ethyl alcohol, 
a. Benzoic acid in iso-butyl alcohol. 

3. Benzoic acid in carbon tetrachloride. 

The experimental arrangement is the one followed in earlier investiga- 
tions and it has been described in full in the first paper. 

The liquids were of the purest stock and used after distillation ; 
the solid benzoic acid was recrystallised. 

The frequencies and the temperatures at which the determinations were 
made, are noted against each solution. 

RESULTS 

The following tables contain the results of determination of ultrasonic 
velocities in the solutions at different temperatures and concentrations. 


Table I . Benzoic acid and ethyl alcohol solutions. 

(a) Variation of velocity and adiabatic coinpressibility with 

concentration. 


No. 

Coucent ration 

Temperature 

•c 

Dfjiisitv 

gnis./c.c- 

Frequency 

Mc/sec. 

Velocity 

Metres/sec. 

Adiabatic- 
compressibi- 
lity X 10** 

X. 

m /5 

28 

0.7990 

4*275 

1102 

115.10 

2. 

M/io 

28.5 

0.7961 

4.380 

1107 

11490 

3 - 

M/J 5 

28.5 

‘•• 79 .t 7 

1 - 3 -’S 

1113 

114-71 

4 - 

JM/20 

29 ..<> 

C.7923 

4-425 

1122 

113.98 

5 - 

Putc Alcohal 

295 . 

0.7905 

4425 

:15s 

110.70 


4~^i778P--a 
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Table I icontd.) 


No. 

Concentration | 

Temperature 

■c 

Frequency 

Me /sec 

Velocity. 

Metres/sec. 

I. 

M/s 

i8 

4-275 

11 xo 

2. 

M/io 

i8 

4.380 

1116 

3 - 

M/Js 

i8 

4-375 

1145 

4 

M/20 

i8 

4-375 

II5S 


Pure ethv'l alcohol 

iS 

4 - 3/5 

J 172 


No. 

Concentration 

Temperature 

Frequenej^ 

Velocity. 



"C 

Mc/sec. 

metres/'iec 

1. 

M/s 

2.8 

4425 

1132 

2. 

M/io 

2.8 

4.380 

1179 

3 * 

M/15 

3 

4-275 

^215 

4 - 

M/20 

2.8 

4-275 

J220 

5 - 

Pure ethyl alcohol 

2.8 

■1-275 

1252 


( 6 ) Variation of velocity with temperature. 


No. 


Concentration 


Temperature 

•c 


Velocity 
metres /sec 


1. 

m /5 

1 

i 

28 

18 

10 

2.8 

2102 

IIZO 

1122 

»I 3 « 

2, 

M/io 

28.5 

JI07 



18 

1116 



10 

1143 



2.8 

1179 

! 

3. 

M/is 

28.5 

1113 



18 

1X45 



/ 

21 Q 7 



] 

2.8 

2215 

4. 

M/20 

39.5 

1 

1 J Z 22 



18 

1 1 158 



2.8 

2 220 

5 - 

Pure ethyl alcohol 


1158 



18 

*172 



9 

1201 



2.8 

>252 
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Tempfentur in *C 

Fig. I 


Table 11. Benzoic acid in iso-butyl alcohol. 

(a) Variatian of velocity and adiabatic compressibility with 

concentration. 


No. 

Concentration 

Temperature 

oc 

Density 

gm.s/c.c. 

Frequency 
Me. /sec. 

Velocity 
Metres /sec. 

Adiabatic- 
compressibi • 
lity X 10® 

I. 

M/5 

28.5 

0.8036 

4*655 

1197 

88.01 

2 * 

M/io 

29 

0.7996 

4.65 

1204 

87,4a 

3» 

Pure iso-butyl 





alcohol 

29 

0.7951 

4*45 

1212 

86.36 


No. 

Concentration 

Temperature 

•c 

Frequency 

Mc/sec. 

Velocity 

metres/sec. 

1 * 

m /5 

20 

4.65.5 

1234 


M/io 

20 

4*65 

1246 


Pure iso-butyl alcohol 

20 

4.75 

1252 

2. 

m /5 

10 

4.655 

1276 


M/io 

10 

4.65 

1284 


Pure iso-butyl alcohol 

10 

4.7s 

1289 

3* 

m /5 

4-5 

4.65s 

1 

1298 


M/xo 

4.5 

4 65 

1305 


Pure iso-butyl alcohol 

4.6 

4.7s 

1312 
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(h) Variation of velocity with temperature. 


No. 

Concentration 

Temperature 

*C 

Velocity 
metres /sec 

I. 

• 

m /5 

38.5 

20 

10 

45 

1197 

1234 

1276 

1298 

1 

2. 

( 

M/io 

29 

1204 



20 

1246 



10 

1284 



4*5 

1305 

3 - 

Pure iso-buty] [ alcohol 

29 

1212 



20 

T252 



TO 

1289 



4.6 

1312 


BEa«ZOIC ACID 
IN 

ISOBUryL ALCOHOL. 



IISOL 

0 


15 36 35 

Temperatnre in *C 

Fig. 2 


Table III. Benzoic acid and carbon tetrachloride solution. 


(o) Variation of velocity and adiabatic compressibility with 

concentration. 


No. 

1 

1 

Concentration 

Temperature 

Density 

Frequency 

Velocity 

Adiabatic com- 
pressibility 
XIO^ 



•c 

gms/c.c. 

! 

Me/ sec. 

meties/sec. 

X. 

m/5 

1 

31 1 

1 *-.556 

4-13 

8x9 

79-5 

2. 

M/io 

3 t 

1.560 

4^X3 

823 

78.9 

3 - 

M/is 

31 

1.562 

4.13 

825 

78.6 
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No. 

Concentration 

1 

Temperature. 

•c 1 

Frequency 

Mc/sec 

Velocity 
metres /sec. 

I. 1 

M/s 

20 

4-13 ! 

833 


M/io 

20 

1 : 4 .J 3 1 

840 


m /15 

20 

! 

I; ' 

Lia— — 

845 

2. 

M/s 

lO 

] 4-13 

85a 


M/io 

lO 

Ij 4.13 

869 


M/iS 



880 

3 * 

M/s 

2.6 1 

T 

X 4-13 

884 


M/io 

2.6 

i 4.13 

k — 

901 


(b) V arialion of velocity with temperature. 


No. 


Cr 


)nceiilration 


Temperature 

•c 


Velocity 
metres /sec. 


2 . 


3- 


M/5 


M/io 


M/15 


3 i 


819 



■"^33 

10 


S52 

2.6 

1 

884 

31 

1 

1 

1 

823 

20 


840 

10 


869 

2,6 


j 901 

3 ^ 


i 8*5 

20 


84s 

1C 


S 880 


! 
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INFKRENCISvS 

The results are in agreement with those reported in the first paper. They 

are: 

1. The velocity in a pure solvent is always greater than that in the 
solution. 

2. The presence of a solid constituent, however small, always lowers 
the velocity. 

3. The velocity in a solution increases with dilution. 

4. The adiabatic coinperessibility in a solution increases with concen- 
tration. 

5 The ultrasonic velocity in a solution decreases with the rise in 
temperature. 

Discussion on the above results will be given in subsequent papers. 
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ABSTRACT. The low frequency lines of pljira-dichlorobenzene have been studied in 
different orientations of the crystal which was in form of a cylinder with the symmetry 
axis along the length of the cylinder. Ramanf spectra of the liciuid and of a different 
specimen of solid para-dichlorobenzene have also bi^ien studied. The Raman spectrum shows 
six polarised frequencies 330, 747, 1071-1084, ij;o6, 1169, 3 >7.1 and seven depolat ised fre- 
quencies 2y9, 628, 675, 1376, 1485, ^573* In the directional excitation of the solid in 

the form of a single crystal it is found that if the crystal be illuminated with its symmetry 
axis along the direction of observation and the electric vector be along the direction of, 
observation or perpendicular to it along OZ, it is noticed that the frequencies 747, 1071 
1106, 3072 are very much increased in intensity in the latter case than in the former while 
308, 630, 1376 remain nearly of the same intensity in the two cases and 330, and 1576 
are reduced in intensit3L Similarly the low^ frequency line 94 is much weaker than 27 
when the electric vector is along OY and stronger when the electric vector is along OZ, 
The frequency 54 remains stremg in all the cases. The tensors have been derived for these 
frequencies, which indicate that each frequency represents a symmetric and an asymmetric 
oscillation The tensor for 94 also indicates that the asymmetric component is much 
weaker than the component of symmetric oscillation. This frequency, therefore, behaves 
like the frequencies 747, 1106, etc. 

The frequencies 299 and 330 also show variations in intensity. The frequency 299 in 
liquid is increased to 308 in solid. In the liquid 299 is weaker than 330 but in the solid 308 
is comparable to and even greater than 330. 

In the solid pictures we find two different low frequency spectra . In our picture we 
get the frequencies 27, 54 and 94 while in the other we get 45, 57 and 84 although the liquid 
spectrum is the same in the two cases. As 27 does not vanish in any orientation, it 
follows that the disappearance of frequency 27 in the second case is not an orientation effect. 
The latter frequencies were obtained by Venkateswaran by rapid cooling from the melt 
and it is likely that the second solid was obtained in that way. It is suggested that the 
results reveal a change of structure of para-dichlorobenzene in the wa> the crystal is grown. 

INTRODUCTION 

The low frequency Raman spectrum of para-dichlorobenzene has been 
investigated by Vuks (1936, 1937), Sirkar and Gupta (1936, 1937), Sirkar and 
Bishui (1937) and Venkateswaran (1938). Vuks found that the low frequency 
spectrum changes with temperature and from this he concludes that there 
.are two modifications of the substance — the ^-modification being stable below 
33'"C and the j 3 -modification is stable above 32®C. The transformation accord- 
ing to Vuks does not involve any change of volume. Vuks has called these 
low frequencies as lattice oscillations. Sirkar and Gupta and also Sirkar and 
Bishui find that there is no change in the Raman spectra at 3a®C and 45°^. 
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They, however, report a change when the mass is cooled in ice and brought 
to the room tcmpei-alure- The former authors also report that there is no 
change in Lane patterns with the hot and the cold crystal. Venkateswaran 
is also unable to confirm the change in the spectra of para-dichlorobenzene 
at less than 25'^C and greater than 33®C as reported by^^uks attributing it 
to a change of crystal form, although the substance wa^fcept for well over a 
week at ice-cold temperature. Sirkar and his co-workers aver that these 
oscillations are not of the lattice but arise from intermolecular oscillations 
of polymerised groups in the solid. The results of these authors are given 
in the Table 1. 

It may be seen from Table I that the frequency 27 has been 
obtained only by Vuks and that he has distinguished between the »-and f 3 - 
modificutions by the appearance or disappearance of this frequency. It is 
now well known that the intensity of Raman lines in a crystal varies with 
directional excitation. It is therefore important to study whether its dis- 
appearance is an orientation effect or due to crystal modification as suggested 
by Vuks. It may be stated that the i>ictures reproduced by Sirkar and 
co-workers and also by Venkateswaran are not good enough to clearly bring 
out the frequency 27. Both these authors have not worked with single 
crystals with the result that the Rayleigh line has become much over-exposed 
due to extraneous light. By working with single crystals we have been 
able to get very good pictures and the low frequency lines have come out 
very distinctly without being masked by the halation due to Rayleigh line. 

crystal structure 

According to Hendricks (1933) para-dichlorobenzene belongs to the mono- 
clinic prismatic class having the point group C»a, 
and the unit cell contains two molecules. The 
dimensions of the unit cell are a = 5.88A, b = 4.iA 
andc = i4.88A, Z ^=112® 30'. The itnit cell is 
shown in figure i. • The centre of inversion is 
located at the centre of each molecule and the 
orientation of other molecules can be obtained 
by the glide plane of* reflection in (010) planes, the 
gliding being parallel to the a-axis. The elements 
of symmetry are 

C2 Screw axis (i, 2) 
t Centre of symmetry (i) (2) 
h Glide plane (i, 2) 

I he b-axis in the crystal is the axis of two fold 
symmetry while the eaxis is easily identified as 
the crystal U elongated along'this axis. The crystal 




LiOW-Prequency Raman Lines in Para-dichloro-benzene 



4 — 1778P — a 


8f 



82 


H. Narain and B. D. Sal^sena 


being monoclinic, one of the optic axes ^ coincides with the symmetry axis 
b of the crystal, the other two optic axes namely « and y lie in the plane 
(oio). Their exact oiientation is not known but as Z 6 = 112° 30' they will 
be making small angles with the a-and c-axes. Bragg (1939) has shown 
that for aromatic crystal of the naphthalene class the length of the 
molecule lies along the elongated axis. In the case of para-dichlorobenzene, 
since c is very large in the unit cell, the length of the molecule should be 
nearly parallel to the r-axis along which the optical polarisation should be 
maximum. According to Hendricks, the molecules are almost parallel to 
the e-axis in the iirojection of the unit cell on the ac plane. We may there- 
fore consider the molecules as loughly lying in the be plane, the breadth of 
the molecule being along the 6-axis and the length along the c-axis. We 
may therefore roughly regard b-axis as the axis of intermediate polarisability 
and the a-axis as the axis of minimum jmlarisability . We have assumed 
for the sake of simplicity that y-axis of polarisability lies along the c-axis 
and the a-axis along the a-axis although these will in general be slightly 
inclined to these directions. 

L,ATTICK ORCIIvLATIONS IN PARA- 
D I C H Iv O R O B E N Z I? N I-: 


It is now well known that all crystals give low frequencies. Placzek 
(19.34) has shown that the modes of vibration of a crystal lattice may be 
analysed by considering the unit cell as the basis. Bhagavantani (1939) has 
in this way considered the modes of vibration of a number of crystals such 
as calcitc, NaNC);i, gypsum and Saksena of quartz. Kxpcrimental work 
on the directional excitation in crystals by Bhagavantani (1940) in ealpite, 
Nedungadi (1939) in NaNOs and Saksena (1940) in quartz agree completely 
with the theoretical predictions which shows that all frequencies shown by 
a crystal are lattice frequencies. In a molecular crystal the low frequency 
region appears well separated from the regions of high frequencies which 
represent the molecular frequencies, but this is not so in the case of a linked 
crystal like quartz where such a distinction cannot be made. The low 
frequencies in a crystal are particularly sensitive to temperature. 


from 

The 


In jiara-dichlorobeuzene the low frequency spectrum is w'ell separated 
the h’gh frequency region which represents molecular frequencies, 
molecule L.(iH4Cl2 has a symmetry and possesses a centre of 


symmetry. The thirty internal modes are therefore equally divided in the 
Raman active and infra-red active classes, the Raman active modes being 

infrared inactive. Out of the 15 Raman active modes 6 are polarised and 
9 depolarised. 


Ihe crystal of para-dichlorobenzene has a symmetry €> 0 , and has a centre 
of symmetry at each molecule. The Raman active modes will therefore 
be infra-red inactive. As there are two molecules in the unit cell, there are 
now 24 atoms and 72 degrees of freedom. For the two molecules we will 
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have 6o iuternal and 12 external degrees of freedom. The 30 internal modes 
and the six degrees of translation and rotation of each molecule, can be 
coupled in the same or opposite phase to give 6u internal modes and 12 
external inodes. As regards the internal modes, we may not exi>ect any 
appreciable change of frequency of molecjjular vibrations by coupling them 
because the bindings in a molecule arc vety much stronger than those between 
the two molecules. Each of the 30 interniil modes will therefore be merely 
doubly degenerate without showing any appreciable change of frequency. 

The external modes will be of two types namely translational and rota- 
tional produced by couijliiig of transitions and rotations of the two 

! 

molecules. As the centi-e of symmetry is preserved in rotation, the rotational 
modes will be Raman active and translatioppal modes Raman inactive. Mathe- 
matically these results may be expressed in the following Table II. 

Taiu.k 11 


C\ h 

K 

C‘, 


/ 

1 » . 

1 

7 

Pyxteriiai 

modes 

T R' 


Selection 

rules 

R IR 

Surviving 

tensor 

components 


1 

I 

1 

1 

j8 

0 

0 

3 

15 

p 

f 

*> y » y 


I 

I 

— 1 

— I 

18 

r, 

2 

4 > 

15 

/ 

a 


ii. 

1 

— I 

J 

— 1 

18 

T., 'l\ 

I 

0 


f 

a 



I 

— I 

— I 

1 

18 

... 

0 



p 

/ 

«/ 9 r 

ri'n 

24 ' 

0 

0 

0 









fR 

72 

0 

0 

0 










Hi is the total number of modes, w',* the number of internal modes, T', R' 
the modes of translational and rotational type and T pure translations. The 
Raman active inodes in the crystal may be divided into two classes, namely, 
totally symmetric and assymetric B„. As the centre of symmetry lies 
at each molecule in the crystal, each of the Raman active modes of the 
molecule will be Raman active in the crystal and will belong to both the 
symmetric and anti-symmetric class. Similarly the three rotations of the 
molecule will give rise to three totally symmetric and three anti-symmetric 
Raman active rotational inodes in the crystal. 

The three symmetric modes are those in which the rotations are in the 
opposite sense in the two molecules. As the lattice modes involve intra- 
molecular forces, we may not expect the same frequency for the two modes, 
but as these frequencies are small it may not be possible to i'esolve the 
differences and the lines will therefore appear as broad bands. According 
to Bhagavantam (1941) oscillations coming under the traiislatory type have 
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small frequencies and the Raman lines are weak while those coining under 
the rotatory type will be characterised by relatively large frequencies and 
will give rise to strong Hues if the rotating group has large anisotropy. 

The tensor components of the Raman active modes in the crystal can 
be determined by their behaviour in directional excitation. If OX be the 
direction of illumination, OY the direction of observation and OZ at right 
angles to both, then the depolarisation ratio p, for Ihe electric vector along 

OY is poi>~ and for the electric vector along O/, p, If y 

fe' A ^ t f 

be the directions of the optic axes of the crystal then since ^ axis is the 
axis of symmetry a totally symmetric vibration has four surviving tensor 
components fia a, £vr. ^-y and an antisymmetric vibration only tw'o 

components *^aB> ^Br- The method of deriving the behaviour of these vibra- 
tions for directional excitation has been discussed by Saksena (1940). These 
are given in Table III. 

Tahlij, III 


Symmetry axis 


OZ 

1 

i 


OY 

1 

i 


o.\ 

Electric vector 

.. 

1 

OY 

un-pol j 

! 07 ; 

OY 

un-pol 

OZ 

OY 

un pol 

Symmetric 

i 

0 



iU 

0 


0 

0 

0 


1 

0 

p 


0 

ci 

a* 


a*-f*d* 

Antisymmetric 

/*_ 

0 

0 

p 

1 

0 

el 

P 

r* 

P 

0 

t 

0 

c*+/* 

0 

Both type t»yniiiie(ric and i 
antisyrameti ic 



di+P 
b^+c^ i 

i 

d* 

(•* 

P 

d*+c’ 

7^+p 

C'» 

cP 

p 

TP 

P+d* 


We thus see that w'ith the symmetry axis along the direction of obser- 
vation, the symmetric vibrations will be absent when the electric vector is 
along the direction of observation while the anti-symmetric vibrations will 
be absent when the electric vector is along the perpendicular direction OZ. 
If a vibration is both symmetric and anti-symmetric the depolarisation ratios 
arc as shown in the third row. 

Bhagavantam has considered the lattice modes of para-dichloro-benzene 
but he has omitted the frequency 27 observed by Vuks. According to him 
only three oscillations are observed and each is a symmetric and anti- 
symmetric mode. 

I? X P K R I M K N T A L, 

The crystal was supplied to us by late vShrimati S. Bai. It was grown 
from melt by the process of slow cooling and was free from impurities as 
it was grown after several crystallizations. The crystal was in the form of 
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a cylinder with its symmetry axis along the length of the cylinder. As the 
crystal evaporates rapidly and internal cracks develop easily, it was not cut 
in the form of a cube whose axes are along the axes of i^olarisability ellipsoid, 
but was worked as such. The crystal w’as quite clear in a fairly large region 
and free from internal strains. The light from a horizontal arc was focued 
on the crystal contained in a glass tube and was ]>olarifeed wnth the help of a 
Polaroid with an efficiency of go% in the 41358^ region. A double image prism 
of calcite was used to split the scattered light into horizontal and vertical 
components. The pictures were taken or^a Hilgei two prism glass spectro- 
graph and measured on a Hilger coinjiarator. These results are shown in 
Tables V and VI. One picture c, I^atc IV A) of the liquid spectrum 

and one picture (Kig. c and Fig <fi of ihe solid taken on a h'uess glass 
spectrograph were also given to us by fate Shrimati S. Bai and their results 
are also included here. 

The low-frequency spectrum of the solid picture (b'ig. b) taken by Shri- 
mati S. Bai differs materially from that of our crystal although the molecular 
frequencies are identically the .same. T'his crystal must have grown under 
different conditions. The results of measurements of the low frequency 
lines on the solid pictures taken by S. Bai support the results of Sirkar and 
co-workers and of Venkatesvvaran while the results of measurements of the 
spectra taken by us with the other crystal support the results of Vuks. The 
results of measurements on the two solid pictures and the liquid picture are 
given in Table IV and the results of directioual excitation in Table V. 


Tabi.h IV 


Ivow frequencies 
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Solid 27 

54 

94 

j 
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1071 
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1160 1 («) & (/; 

I {15) 

<30) 

(8) 
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57 
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84 
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33 ^^ 

630 


ri 7 

1071 
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d, 
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The liquid speclruni hub been reported earlier by Kohlrausch and co- 
workers who report ii frequencies (for reference vide Hibben, i939)- The 
liquid picture (c) reported here is a very overexposed one and it shows the 
presence of weak frequencies 675, 1248, 1485. The /-excitation of strong 
frequencies 747 and 1573 should fall at 690 and 1516 which are far removed 
from the observed values. I'lie frequency 1485 also occurs in several solid 
pictures. The polarisation picture shows that there are 7 well polarised 
lines in the liquid while there should be only 6 according to theory. The 
frequencies 1071 and 1084 form a close doublet both being polarised. It is 
interesting to note that the sum of two strong frequencies 33 1 and 747 is 
1078 which lies in between the observ'ed frequencies 1072 and 1084. It is 
possible therefore that the frequency at 1078 has split as a result of Fermi 
resonance. A comi)arisoo of the solid and liquid picture shows a definite 
liequency sliift for the freciuency 299 in the liquid to 30S in the solid 
[Figs, (c) and (d)]. A comparison of the pictures of the tw'o solids (L) and 
(Ii) shows remarkable differences- The frequency 27 of solid (1), Fig. (a) is 
absent in solid (II), Fig. (b) where a new frequency at 45 is present. There 
IS also a shift in the frequency 94 reported for solid *^1). Also in solid (I) 
34 is the strongest fiequency while in solid (11) it is 45. The spectrum of 
solid (1) is the same as that of Vuks and the spectrum of solid (II) the same 
as that of Sirkar and Venkateswaran. By a comparison of the two spectra 
(r) and id) for solid (II) W'e find that while the spectrum (d) is stronger, the 
lattice lines and frequency 308 in id) are weaker than in (c) and the remaining 
molecular frequencies, cxccj>ting 308, are stronger. The frequency 308 shows 
a much larger diminution of intensity than the lattice frequencies. 

The low frequency Raman lines are very strong compared to mole- 
cular frequencies. The visual intensities recorded for them are of the anti- 
Stokes lines in 4046 excitation while the intensity recorded for the molecular 
fiequencies are of the Stokes lines in the 4358 excitation. 

i'he following points may be noted : 

(i) A comparison of the spectrograms if) and (g) (Plate IV B) of total 
intensity taken wih symmetry axis along OY but with the. electric vectors 
along OY in one and OZ in the other shows that the frequencies 747, 1071, 
1106, 3072 — particularly the first three, are very much increased in intensity 
in the latter case when the electric vector is along OZ, while the frequencies 
308, 630, 1376 remain nearly of the same intensity in the two cases and the 
frequencies 330, 1573 are reduced in intensity in the latter case. The 

frequencies 747. 1071, 1106 and 3072 are almost of the same intensity as 630 
and 1573 when excited by the electric vector along OY. 

(21 Among the low frequencies 54 remains the strongest in all the 
spectrograms. With the symmetry axis along OY. the frequency 27 is 
stronger than 94 when the electric vector is along OV in if), while it is much 
weaker than 94 when the electric vector is along OZ in (g). The frequency 
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94 also appears weakest when the symmetry axis is along OX in (/»). The 
behaviour of 94 is thus similar to the behaviour of frequencies 747, 1071, 
1106. 3073, which get stronger when the electric vector is along OZ and 
symmetry axis along OY . 

(3) The frequency 27 does not disappear in any picture. 


DISCUSSION 01 ' S I’ K C T R .\ ( ) F S O U I D ( 1 1. 


(a) Molecular frequencies : 

We shall first consider the liquid spectrum. According to theory we 
should get 15 Raman lines of which 6 should be polarised and 9 depolarised. 
The six polarised frequencies are 330,- 747. 1- 1106, 1169, 3072 and 

seven depolarised lines are 299, 628,675, 1248, i37(', 1485, i 573 - The six 
polarised frequencies naturally represent the planar vibrations of the 
molecule ; of these 330 is a C-Cl oscillation, 3072 is a C-H oscillation and the 
others are C-C oscillations- Among the depolarised oscillations 299 and 630 
represent vibrations perpendicular to the plane of the benzene ring. 

All the lines in the liquid spectrum'>ppear in the solid with the same 
frequency. Each of these lines is both a symmetric and auti-symraetric 
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oscillution with respect to the crystal and the behaviour of these lines in 
directional excitation is dependent upon the fact as to which of the two is 
stronger. Fiom Table III we see that if the symmetry axis of the crystal is 
along the direction of observation, the symmetric oscillations are absent and 
the anti-symmetric oscillations appear with great intensity if the electric 
vector is along the direction of observation but the reverse happens if the 
electric vector is along the perpendicular direction OZ. Now since the 
molecular frecpicncies appear in both the cases they are both symmetric and 
anti-symmetric. Tlie total intensity of a symmetric oscillation when the 
electric vector as well as the symmetry axis are both in the direction of 
observation is o, while that of an anti-symmetric oscillation is e^ + f~. If a 
vibration is both symmetric and anti-symmetric its intensity will be e® -I-/'' 
where c and / are compopent tensors of the anti-syinnietric type. If, however, 
the electric vector is along OZ. the intensity of both together wdll be d + C 
where d and c are component tensors of the symmetric type of oscillation. 
If, therefore, greater intensity occurs for a i^articular oscillation in the second 
case, the symmetric tensor components must be greater than the anti- 
symmetric ones. In this way it has been possible to write the tensor 
components and analyse the vibrations. 

It has been staled in the previous section that when the symmetry axis 
is along OY and the exciting electric vector along OZ or OY . [spectrograms 
ig) and (/)], the frequencies 747, 1071, 1106, 3072 are stronger in the former 
case than in the latter while 330 and 1576 are stronger in the latter case than 
in the former and the frequencies 308, 630, 1376 remain nearly of the same 
intensity in the two cases. It follows from what has been stated above that 
the sum of the tcaisor components d~ -t- c~ of symmetric oscillation of the 
frequencies 747, IC171, 1106, 3072 is much greater than the sum of tensor 
components of the anti-synimctric oscillation of these frequencies, 

while for 330 and 1373 the sitm d* + r? is smaller than c®+/® and for frequen- 
cies 308, 630, 1376 the two are almost the same. 

The frequencies 747, 1071, 1106, 3072 are the polarised frequencies in 
the liquid spectrum, and therefore represent the totally symmetric planar 
vibrations of the molecule. It has been shown by Nedungadi {1941, 42) in 
naphthalene that when the electric vector is in the plane of the molecule, 
the planar vibrations are excited more strongly than when it is perpendicular 
to the molecular A plane. In the case of a para-dichlorobenzene the molecule 
lies roughly in the be plane where b is the symmetry axis and c the length 
of the molecule. If the symmetry axis b is along the direction of observa- 
tion OY, and the c-axis vertical along OZ then whether the electric vector is 
along OZ or OY it remains in the plane of the molecule. But the electric 
vector will excite more strongly in the direction OZ because this direction 
is along the length of the molecule which is the direction of maximum optical 
polarisation (vide Plate IVB, Fig. g). If the electric vector is along OY the 
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PLATE IVA 



Low trotjUL'iicy lines it 'Op.i (t) 'inJ (11). 



Raman spectra ot solid (II) and liquid. 
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direction of observation, it lies along the breadth of the molecule, and these 
frequencies will be weaker for two reasons, firstly because the breadth of the 
molecule is in a direction of intermediate polarisation and secondly because the 
totally symmetric vibrations will scatter weakly when the electric vector is 
along the direction of observation. Froin|Fig. '(k) Plate IV B vve see that the 
molecular frequencies have come out very r|veak when ‘the electric vector is 
is along OZ and the symmetry axis al|ng OY . Tins is easily explained if 
we imagine the c-axis to lie along the direltion of illumination OX so that 
the electric vector OZ is now pcrpendicula|’ to the plane he of the molecule. 
In this case the electric vector OZ shall ej®ite veiy weakly. 

The behaviour of the frequency 330 appears to be different from those of 
the other lines 747, 1071, 1106, 3072 in t|ie liquid. The former decreases in 
intensity when the electric vector is along pZ and symmetry axis along OY 
while the latter increases m intensity. all these frequencies represent the 

totally symmetric vibrations of the molecule, they should be expected to 
behave alike. It is possible that the difference in behaviour may be related 
to the nature of the vibration. 

The frequency 299 also shows large variation in intensity and frequency 
in passing from solid to liquid. In the liquid the frequency 299 is weaker 
than 330 but in the solid it becomes comparable in intensity to 330 and even 
stronger and its frequency also increases to 308, [Plate IVA, F'igs. (e), (d) and 
(c)]. This frequency, like 628, is an anti-symmetric oscillation perpendicular 
to the plane of the ring, and so the anti-symmetric tensor components would 
be larger than the components of the symmetric tensor. It is possible that 
308 represents the anti-symmetric oscillation and 300 the symmetric one but 
the latter may be too weak to appear. No such variation of frequency has 
been noticed in other lines. Bui the frequency 330 in the solid behaves 
differently from other polarised vibrations like 747, 1 106, etc. and more like 
the depolarised frequency iS73- This may be explained by supposing that 
it is also an anti-symmetric oscillstion, in the crystal. 

(f>) Ivattice frequencies ; 

The behaviour of the low frequency Raman lines in the crystal in direc- 
tional excitation can lie explained if we represent the frequencies by the 
three tensors ; 

27 .■;» '^*1 

653 12 12- 5 424 

656 12 58 223 

364 589 787 

The figures which are only relative and give the squares of tensor com- 
ponents, have been arrived at by a careful study of all the spectrograms 
taken with crystal and in different orientations with the help of Table III 
by following the method described in the preceding paragraphs. It may be 
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seen that each frequency consists of a symmetric and an anti-symmetric part 
but in the fre<juency c)4 we find that the components e and / representing 
the anti-symmetric oscillation are smaller than the remaining tensor com- 
ponents a, b, I , d which represent a symmetric oscillatif)n. Thus 94 behaves 
in the same way as the polarised molecular fretjuencies 747» ^ to6 etc. When 
the symmetry axis is along OV and electric vector along O/., the intensities 
of the three xrccjuencies js4. 94 being given by the value of d' + c~ are as 
7 ; 14 : It while if the electric vector be along tlY they wdll be given by 
the value of c' + /* and arc as ii : 20 • 5. Thus in the first ca.se 94 is stronger 
than 27 and in the second case weaker while 54 is always the strongest- 
Using these tensors the i»olarisation of the lattice frequencies have also been 
written down and c ompared with the observed values : 


Syniiiietry axis 

0^ 

oz 

OY 

or 

OX 

1^'lertric V’^octoi 

or 

OY Si OZ 

OZ 

OY OY Si 07. 

27 Calculated 

3 '5 

M 

0 

3/4 

3/6 

II/IS 

C)bservcd 

J/T 

5/5 

3/4 

6/8 

5/6 

54 Calculated 

.5/12 

13/17 

5/0 

12/8 

20 0 7 

Observed 

i 2/8 

! 

12/12 

5 !^ 

20/12 

8/6 

1 

t)/j Calculated 

4/2 


Al 7 

-'/3 

5/8 

C )bservccl 

3 /io 

3/1 

3/6 

4/6 

1/2 


It has been stated earlier that the low frequency Raman lines 
represent rotational oscillations. The frequency of a rotational oscillation 
will depend upon the moment of inertia involved in a given oscillation 
while its intensity will depend upon the molecular anisotropy produced in a 
given vibration. The frequency 94 may therefore be regarded as due to 
oscillations about the length of the molecule or the c-axis as the moment of 
inertia about this axis is minimum, while the frequency 27 will represent an 
oscillation about an axis perpendicirlar to the plane of the molecule or roughly 
the a-axis as the moment of inertia involved in this case will be the largest. 
The moment of inertia will have an intermediate value about the breadth of 
the molecule and the intermediate frequency 54 may reasonably be assigned 
to oscillations about this axis. As the intensity depends upon the optical 
anisotropy coming into play during a vibration, we may expect the frequency 
54 to be the strongest as the oscillations about the breadth of the molecule 
will involve the largest anisotropy. 

It is to be remarked that the lattice frequencies are very much more 
intense than the molecular frequencies. If we take three soft crystals — 
gypsum, naphthalene and para-dichlorobenzene, we find that the lattice lines 
are much weaker than the molecular Raman lines in gypsum, of comparable 
intensitv in naphthalene and of large intensity in para-dichlorobenzene. As 
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the lattice Raman * lines are rotational oscillations, it is likely that this 
difference is due to the anisotropy of the rotating^ group- In gypsum the 
rotating group StJ4 is tetrahedral and has the smallest anisotropy and so the 
lattice lines will be weak. In para-dichlorobenzeue, however, the anisotropy 
of the rotating group is the largest, firstly, because the molecule is plane and 
secondly because it is very much elongated along one of the axes, and so the 
lattice lines may be expected to be very injtense. 

Comparison of the spectra of the solids (/) and Uf). 

Several spectrograms of solid ( 1 ) reveal clearly the three low frequency 
lines 27, 54 and 94 ems"^ both in the 4*^46 and 435H excitations, but the 
two pictures (c) and (d) taken with l^uess glass spectrograph by S. Bai 

4 

reveal three different freeptencies 45, 57 aibd 84 although the liquid spectrum 
is the same in the two cases. The frequency 27 does not appear in that 
picture. The spectrograms taken witJi crystal in different orientations also 
reveal the fact that the frequency 27 does not vanish in any orientation. 
Hence its disappearance in one picture is not due to an orientation effect. 

The difference in behaviour between solids (I) and (II) is also indicated 
by the behaviour of the molecular frequencies 30S and 330. In the two 
pictures (r) and (d) of solid <II) we find that in one picture id) which is 
stronger of the two, the molecular frequencies have come out stronger than 
in the other but all the lattice frequencies and the frequency 30S are weaker. 
This is different from the behaviour of solid-il) in which the lattice fretiuency 
94 behaves differently from other lattice frequencies and more like the 
symmetrical o.scillations. Further, when the symmetrical vibrations are 
stronger, the frequency 330 is weaker than 30H in solid (I) (l’*ig. g) but 308 
is weaker than 330 in solid (II) (Fig. d) Also 54 is the strongest frequency 
in solid ( 1 ) and 45 in solid (II). 

Venkateswaran, while working with para-dichlorobenzene cooled from 
melt also gets the same frequencies as those of solid {1I> namely 45, 57, 84. 
In this case the substance cooled w'as not a single crystal, while in our case 
it is a single crystal since it was grown from melt by slow cooling. It is 
possible that a change of structure may occur in rapid cooling and in fact 
Sirkar and Bishui and also Vuks report change of frequencies by sudden 
cooling in ice. We therefore feel inclined to think that a change of structure 
does occur in sudden cooling. 

Bech (1906) and Vuks have discussed the transformations of para- 
dichlorobenzene. Bech points out that when this liquid is cooled below 39°C 
a sudden contraction of volume takes place, and this is considered as a 
modification of the lattice. Vuks has discussed a transformation in which 
the molecules rotate in their position so that the projection on the ac plane is 
now inclined to the c-axis. This transformation would require iio change of 
volume as the lattice is unaltered and it takes place at 32 °C. But according 
to Sirkar and Gupta this transformation would involve a change of X-ray 
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intensities in Lane spots which has not been noticed by them. Venkateswaran 
and also »Sirkar and co-workers fail to report any change of spectra by change 
of temperature. It however, appears definite to us that some change of 
structure does take ])lace in the way the crystal is grown and the point 
requires furthei investigation. 
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(Rcccivi'd jor publlcatitm, September ^5, 10^0) 

ABSTRACT Inspiie of its favonrablc siz^-factor the primary solid solution of A1 in 
the 7-iron is very small ; this is due to its stroife' electro-eheniical factor. When the steel 
exists in the 7-forni, the excess of A1 is driv«(p to the grain houndary and inhibits the 
grain growth. The electro-chemical factor uiak^s it form readily the compound FeAl which 
has a body centred cubic structure. It has been further .shown that the giaiu of TeAl 
has a pronounced solubility in the a-iron ; this is why only a single-pha.se is observ^ed up to 
50% A1 added to the a-iion. 

Aluminium was used in the beginning for deoxidizing steel ; but traces 
of it left after deoxidation or added intentionally have been found to inhibit 
the austenitic grain growth and thus acis as a grain refiner. The classical 
metalluigy tried to explain this property of aluminium in various ways, the 
latest suggestion being that aluminium dissolved in the ferritic grains or 
otherwise locate itself at the austenitic grain boundaries and docs the refining 
work, (Nijhawan, 1948). An attem]*t will be made in the present paper 
to explain the situation in the light of the modern atomic theory. 

A look at the phase-diagram of the b'e-Al system shows that A1 dissolves 
in the y-iron only to the extent of i to 1.2% and that too between the tem- 
peratures, 9oo°C to i4oo°C, whereas, it has an extended solid solutions in 
the a-iron. This in itself is a peculiar thing, so far as the steel metallurgy 
is concerned. The elements, particularly the metals which alloy with iron to 
large extents, can be in a broad way divided into two groups. One group 
when alloyed with iron widens the y-range at the expense of the a-range, 
the second group does the reverse. The elements Co, Ni, Cu, Au, Pt have 
the face centred cubic structure ; they belong to the first group and widen 
the y-range the y-iron also having the face centred cubic structure. Cr, V, 
Mo, and W^have the body centred cubic structure like the a-iron and widen the 
a-range. They thus belong to the 2nd group. Aluminium has the face 
centred cubic structure but is found to alloy extensively with the body 
centred 'a-iron . Aluminium has a favourable size-factor with respect to irou 
and it has the same structure as the y-iron. Under the circumstances it can 
reasonably be expected that there will be a w'ide solid solution of A 1 in thf: 
y-iron. The fact being to the contrary, there must be some other factor 
coming into play and restricting the solution. It is suggested lieiie that the 
electroochemical factor of Al, with respect to iron, is responsible for this 
anomaly and on this basis it will also be possible to understand the real 
nature of the apparently wide solution of aluminium in the "-iron. 
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Besides size-factors and the valences, the electro-chemical factor also, 
to a considerable extent, determines the extent and the nature of the solution. 
The magnitude of the influence of the electro chemical factor will be appre- 
ciated if one examines the phase diagrams of a few alloy systems of magne- 
sium with some metals and metalloids, specially the elements belonging to 
the groups IV, V and VI of the periodic table. Most of these alloy systems 
have greatly restricted piiniary solid solutions at either end of the diagrams ; 
hut '^ + fS, fS and + y regions are widely extended. The solidus and the 
liquidus curves at a cet tain composition in the / 3 -range (or some time in the 
y-rangej rise to a maximum and almost touch each other. This shows that 
the alloys of these compositions have attained higher stability (highei 
inciting points) than the alloys of other compositions belonging to the same 
phase and generally to the neighbouring phases also. The compositions 
corresponding to these maxima can be expressed by definite chemical formula 
satisfying ordinary valence relations also. Some of these are : MggSi, 
Mg20e, MgaSn, MgaPb, Mg3P2. ^Ig.sA.s.2, Mg3Sb2, MgsBig, MgS, MgSe, 
MgTe. These are called normal valency intermctailic compounds. They 
have also ordered or super structures like ordinary chemical compounds, c.g., 
NaCl, Cap's. A few other metals also form such compounds as Zn^Sba , 
CdS, AlAs, AKSb. “ These compounds have a metallic lustre and a slight 
electrical conductivity. The formation of these compounds is a continuation 
of the tyincal ionic compounds into the region of weakly electro-negative 
elements. Compounds of this kind are often formed when one element is 
highly electro-positive compared with the other and they may be regarded 
as the result of the electro-chemical factor.” Zn and Cd, which occupy 
similar positions a.s Mg in the pel iodic table, form a few compound of this 
nature ; but they are not as extensive as those of Mg. This is due to the fact 
that Mg is much more electro-positive than the other. 

The Ag-Mg alloy system is one of the most suitable one for the study 
of the effect produced by the electro-chemical factor. The system is exactly 
equivalent to the Cu-Zn system both as regards the configuration of the 
valence electrons and the crystal structures of the corresponding elements, 
r.ut a comparison of the jihase diagrams of the two systems shows that the 
Ag-Mg system is much simpler, its primary solid solution — the *-phase, 
is much restricted, the atomic per cent dissolved being a little over 20 instead 
of 40 as roughly is the case for the Cu-Zn system and others satisfying the 
Hume-Rothary electron atom ratio for the phase. The jff-phase ( = i 80 has 
an ordered structure at all temperatures and it is like that of CsCl. The 
solidus and the liquidus rise to a maximum at the equi-atomic composition 
AgMg and almost touch one another. “ It is, therefore, clear that increasing 
electro-chemical factor has made the ^-silver-magnesium phase acquire some 
of the characteristic (maximum freezing point and ordered structure) usually 
associated with definite chemical compounds.” 
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Even in cases where deHnke compounds do not exist, the clcctro-chcmical 
factor may exert an imjiortanc inllnencc on the type of alloy structures 
formed* The strengths of the electro-chemical factor and the effects pro- 
duced by it are of different degrees. The tendency f<3i the formation of 
superstructure is the first indication ; the. ultimate effect is the formation of 
definite chemical compounds if the efcctro clieinical factor is sufficiently 
powerful. '' 

There are instances when the irre|j[ularitics found in some binary alloys 
of aluminium have been explained by iti electro-chemical factor. Andrews 
and Hume-Rothery (i94i)> have shovvi| by plotting the electron concen- 
trations against the volume per valence e^ctron foi and f'i phases of Cu-Zn, 
Cu-Ga, Cu-ln, Cu-Sn and Cu-Al systems that ** there is a linear relation 
between the electron concentration and tUe mean volume per election of the 
points lying midway between the and a + / 3/73 boundaries in the 

equilibrium diagiams.’’ The only exception is the Cu-Al system and this 
has been attributed to the pronounced electro-positiveiiess of aluminium. 

In many alloys of A 1 it is found that the apparent size of the Al-atom 
in the alloy is smaller than that indicated by the inter-atoinic distances in 
the crystal of the element. A pail at least of this contraction has been 
ascribed to the large electro chemical factor ol aluminium. The position of 
aluminium in the electromotive force series of elements is found to be very 
high with respect to many elements and its electro-positiveiiess is just next 
to magnesium. The restricted priinaiy solid solution when size-factor is 
favourable is due to the electro-chemical factor, as has been shown in the case 
of the Ag-Mg system ; there arc other instances also for similar effects 
produced by the above factor. As mentioned previously, A 1 forms a few 
normal valence inter-metallic compounds with weakly electro-negative 
elenrents. Sb and As are two such elements and A 1 is fairly strongly electro- 
positive with respect to them. The compounds thus formed may be regarded 
as the result of the electro-chemical factor. From the phase diagram of 
Al-Sb system, for instance, it is quite evident that the primary solid solution 
of either of them into the other is extremel5r small. Ihe region is 

extended. The solidus rises to a maximum at the equi-atofiiic point. 1 he 
superstructure is like that of ZnS. If we now consider the alloys of A I with 
Ni and Co— the neighbouring elements of Fe belonging to the same transi 
tion period — the electro-posit iveness of A 1 will be quite evident. The phase 
diagram of the Co-Al system shows that the solid solubility of A 1 in the 
hexagonal cobalt is practically nothing ; the face-centred cubic Co having 
the same structure and a favourable size factor as Al, takes into solution 
only a limited amount of Al It is only 7% 1300 C and comes down to 

2% at 500* C. The ^ + ® ranges are extended, the solidus rising to a pro- 
nounced maximum at the equi-atoniic composition, CoAl. The corres- 
ponding melting jioint is i63o®C which is higher than that of Co and Al 
both. All the three characteristics— namely the restricted primary solid 
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solution, higher stability of sonic of the internnediate phases and the ordered 
structure like that of chemical (ionic) compounds — of high electro-chemical 
factor, are present to a pronounced degree in the Co-Al alloys. The same 
is also true to a correspondingly high degree in the Ni-Al alloys. Here 
also one can sec in a restricted primary solid solution, an ordered structure, 
a higher stability, the melting point of the equi-atomic composition, NiAl, 
being i64o‘’C which is higher than that of both aluminium and nickel. 
The alloys of both Co-Al and Ni-Al systems have been influenced to a 
considerable degree by the high electro-positiveness of A 1 with respect to the 
elements Co and Ni. The strength of the relative electro-positiveness of 
A 1 with respect Co and Ni can be seen from the values of the electromotive 
force found for there elements. They are +1.70 for J Al,"^ ^ .278 for 

i Co"^* and .231 for I Ni"*^. For i Fe^^^ it is much less than those of Co and 
Ni ; therefoie the relative electro-positiveness of A 1 with respect to Fe"^ * ^ 
is much stronger ; but for Fe* the value is less, still it is sufficient to make 
its existence felt. This is, therefore, the explanation which is being offered 
here for the restricted solid solution of A 1 in the v-iron. 

Beyond the small y-loop (goo^C — t4oo°C and o— t.2% A 1 ) for various 
temperatures and o — 50 atomic percents of A 1 one gels only body centred 
ferrite grains in which have been embedded A 1 atoms with great tendency 
for superlattice formation. This tendency is so great that is cited as a 
typical example for such structure. In this range no intermediate phase 
boundary has been found to exist and it has been accepted as a single phase 
region by several authors. But just at 50 atomic percent of A 1 a boundary 
exists and the alloy at this point can be expicssed by the formula, FeAl 
like CoAl, NiAl and a large number of others belonging to Cu-/?n and various 
other systems. Above all the composition, FcAl gives the electron-atom 
ratio, 3/2, the well known Hume-Rothary ratio c.stablished for the /S-phase. 
It has also the body centred cubic structure like many other / 3 -phase alloys. 
Thus the existence of the ^-phasc is definitely established. If then it is a 
single phase region it must be a widely extended / 3 -phase. This is rather 
peculiar. It should be noted that this complication arises from the fact that 
both the iron and the FeAl grains have the body centred cubic structure. 
There are other instances also of two neighbouring phases having the same 
structure but by proper heat treatment at some point two grains can generally 
be obtained which, though of the same structure, have different composi- 
tions and this proves the existence of two distinct phases. No such obser- 
vation has been made in the case of the Fe-Al system. In this system two 
superstructures have been obtained at different points having the com- 
positions FegAl and FeAl. It should, however, be noted that these two 
ordered structures are not of two distinct types, the structures of FesAl 
being only a step towards the formation of the final structure of FeAl. 
In the Fe-Al system, therefore, the region of the primary solid solution 
(«.phase) or that of the a + ^ have not been distinguished from that of the 
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/S-phase. On account of tlie electro-chemical factor the ptimary solid solution 
is so very restricted that its range becomes loo small for obseivation, but 
this does not explain the non-exisleucc of the '^ + (i i-aiige. From this, as well 
as from the fact that the /?-range is very extended, one can conclude that 
on account of strong electro-chemical factor even for a small quantity of 
A 1 added to the «-iron, a proportionate afnount of the FcAl grains is formed 
and this latter having a wide solubility inlo the former goes at once into 
solution. From o to 50 atomic percent jbf A1 added we get a solid solution 
of FeAl grains into the at-iron. This ^ thus a single phase region of 
Fe-FeAl having body centred cubic strijcturc culminating at equi-atomic 
point into a full-fledged ordered ^-struclure|of Hunie-Rothary. 

We then find that two effects of s|rong electro-chemical factor have 
fully been developed in the Fe-Al system; |)ne is the restricted primary solid 
solution, the other is the quick formation of F'eAl grains from the very 
beginning of alloying and the ordered structure of the ^-phase. There is no 
maximum at the corresponding point like CoAl and NiAl but a tendency 
of the solidus to rise is quite evident just after the equi-atomic point culmi- 
nating in a definite, though small, maximum at the mid point of the ^-phase 
with the composition FeAl 3. 

In the light of the foregoing remarks it is now possible to discuss the 
situation occurring actually in the steel making industry. When the y-range 
is extended beyond the y-loop for aluminium by the alloying elements added 
to iron, the excess of aluminium left after the complete de-oxidation, will 
not be retained in the y-grains on account of the restricted solid solubilits^ 
It will either be thrown completely out of the metal or held up in the grain 
boundaries. On account of the ease with which aluminium forms FeAl 
grains with iron it is likely to remain in the boundaries in the forms of the 
above grains. The location of these grains in the boundaries will hinder 
the grain growth. This then is the explanation for the grain refinement 
of steel by aluminium. When, however, the steel is heated and the tempera- 
ture range, 9oo‘’C-i4oo‘'C is reached the y-grains will now be in the position 
to absorb the Al-atoms locked up as the FeAl grains and the grains of steel 
will then grow. The above temperature lange may be modified to different 
degrees in the presence of the different alloying elements present in the steel. 
The reverse process will take place if the sample is again cooled. 

Thb Nrw Controi. a.vd Research Laboratory, 

Tata Ikon & Stkei. Co. Lto., Jamshkditr. 
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REVIEW 

(I) 


A Text Book of General Physios— By O. R. Noakes. Pp. 415. Macmillan 
and Co. Lid., vSt. Martin’s Street, London, 1950. Price 10 s, 6d. 

This book deals with general properties of matter, the standard adopted 
being equivalent to that of the B. Sc. (Passi course of Indian Universities. 
In the first few chapters some elementary problems, such as units and 
dimensions, vectors, laws of motion, conditions of equilibrium, impact of 
solid bodies and friction have been discussed. Chapters 7 — 12 deal with 
some important topics on general properties of matter, e.g., pressure in a 
fluid, elastic deformation of solids, viscosity, surface tension and gravitation. 
Topics on simple harmonic motion and wave motion have also been included 
in two of these chapters vSome of the problems have been solved with the 
help of dimensional equations and a few others geometrically. There are 
numerous illustrations which are helpful for understanding the topics. The 
diagrams have, however, not been marked serially. The book will be useful 
i students for preparing for the B.Sc. (Pass) course of Indian Universities. 

vS. C. vS. 
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ANALYSIS OF TRIGGER CIRCUITS* 

I3y RATS AHMED 
(Received for publican in, fjjovembci lo, 1950) 

ABSTRACT. At the present time the baj^c properties of the trigger circuit arc 
generally understood in terms of the voltages e;^stitig on different electrodes during state.s 
of equihbrinra in between the triggering signals. |[n the pre.scnt paper the properties of the 
circuit have been studied in relation to the n|ture of the diiving pul.ses Rxperiniental 
results are presented to confirm the theoretical contftusions. 

i 

In recent years the u.'ie of trigger <|ircuits has become very coinuion in 
various special-purpose electronic devi<|es. The basic proi>erties of this 
circuit are generally understood in terms of the voltages existing on the 
different electrodes during state.-5 of equilibrium in between the triggering 
signals. However, in order td be able to design a trigger circuit for operation 
at high repetition rates it is necessary lo analyse the actual switching operation 
that takes place upon the application of proper driving signals. It is possible 
to extend the transient analysis of switching made in connection with 
multivibrators (Ahmed 1948, 1950 ; Williams vl al, 1950) to considerably 
systematize the knowledge about tl'.c pulse signals required to actuate 
trigger circuits. 

At the present time there are certain mathematical difficulties in carrying 
out a complete theoretical study of the switching phenomenon In trigger 
circuits. Since the nature of the switching action depends on the applied 
signal, it wou’d be necessary, for the purpose of a mathematical analysis, 
to know the exact expression for the applied signal as a function of time. 
It is, therefore, convenient to idealize the applied signals and later to obtain 
the results for actual signals by the method of analogy. The use of 
experimental data is then doubly desirable to check the assumptions made in 
such a theoretical analysis. 

The well known Eccles-Jordan trigger circuit, shown in Fig. i, may be 



Fig. I I 

The Rccles Jordan trigger circuit 

* A part of this work was done as contract research for Princeton University, U. S. A. 
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lakeu for the purpose of the present discussion- An equivalent circuit will 
have a general admittance network as shown in Fig. 2, and if it is assumed 




The equivalent admittance net work for the Kccles-Jordan trigger circuit 


that pentode tubes are used (with grid to plate capacitance nearly zeio) 
then the determinant characterising the circuit will be : 


^=(3'i.T 2)® + + (T3Ti)'' + 2yiy23'3 hi + y^+Va) ••• (i) 

If proper values for the admittances y are substituted, and then A is 
equated to zero, it is possible to get a set of exponential functions representing 
the free response of the circuit. In practice, however, the d-c bias —Ee is so 
adjusted as to prevent a tube from coming on once it has been cut off. The 
exponential solutions inherent in the determinant will come into existence 
only when the circuit is once driven into the region where two-tube conduction 
is possible. The nature of the switching is, therefore, different from that 
in the case of the multivibrator, and it dcT)ends on the nature of the applied 
driving signal and its manner of application. 


CONVENTIONAL ANALYSIS 

To start from the conventional analysis, the following values may be 
given to the various components show'n in Fig. i : 

170 Ici^, Ri — Ka — 1 / Ct — 100ki2, Rcl—Re2~^/(-^3 — 500 kd, Cf 
very small and neglected, C= 10“^® farads. If the plate supply voltage is taken 
to be 180 volts, the proper value of the biasing voltage F* may be found from 
the equivalent circuits of Fig. 3. These circuits represent the conditions when 
one of the tubes is on and the other is off. It is desired to make £« so large 
negatively that the voltage produced between the points a and h will be 
larger than the cut-off voltage of the tubes, and from the circuit of Fig. 3 
it appears that this value should be at least - 14 volts if the cut-off voltage 
is —10 volts. In practice, E, may be made —16 volts and in this case the 
voltage produced at the grid of the second tube (point c) will be more than 
a tenth of a volt positive. Having thus ensured that the voltage at one 
of the grids wdll be negative beyond cut-off, and that at the other will be 
just slightly positive/it is possible to discuss the switching operation. 
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Fig. 3 

IC<iuivaleiit circuits for tlcltmiinitig tlic biasing voltage 
Ordinarily it is said that a positive pulse at the negative grid, or a 
negative pulse at the positive grid will drive the circuit into a state of two- 
tube conduction which is unstable because of the positive feed-back arrange- 
ment in the circuit. The tube that was previously conducting will now go 
off, and the other that was off will now start to conduct current. Although 
this description of the operation of the circuit is tiuitc true, it is not quite 
complete. P'or instance, the following questions may be raised regarding 
the possibility of conducting current switching from one tube to the other : 
fi) What will be the maximum and minimum amplitude of the pulse 
required ? (2) What will be the maximum and minimum pulse width 

necessary ? (3) flow quickly can one pulse follow another for triggering 
action ? (4) How arc the above three properties inter-related ? 

The first of these questions can be answered, approximately , on the basis 
of a semi-static circuit consideration. Fig. 4 represents conditions when the 



I 


Fig. 4 

Equivalent circuit for roughly determining the actual volUge 
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d.c voltages shown in Fig. 3 have been applied and tube i is conducting while 
tube 2 is off. It is here assumed that the shunting capacitances are 
negligible and that the coupling condenser is such that negligible delay is 
produced in transmitting a signal round the circuit. 

For a positive step voltage applied at grid 2, the amplitude should first 
be large enough to make the potential of this grid — 10 volts. If the signal 
feeding anangement is as shown in Fig. 4, then the voltage necessary will be 
1.8x10— iS volts and it will raise the potential of grid i also by 18 x i/gi 
= 0.2 volt. Now the voltage at grid 2 should be further raised into the 
conducting region so that the voltage at grid i may be depressed to zero 
by opening switch and causing full amplification through tube 2. The 
positive step voltage would thus have to be greater than 18 volts. 

In a similar manner a negative step voltage applied at grid 1 should 
first be large enough to overcome the positive potential of this grid. Due to 
voltage division this will be found to be — 0.12 xgi= — lo.g volts. A further 
negative increase in this voltage will open the switch Si allowing full 
amplification to take place. 

The above discussion shows that with this type of signal feeding the 
circuit is more sensitive to negative pulses than it is to positive pulses. 
It also indicates that this sensitivity can be changed by altering the 
resistance ratios in the circuit or by applying the signal at some other point. 
It may be noticed, for example, that the minimum signal required for the 
positive pulse depends on fi) how far below the cut-off voltage the tube was 
permanently biased, and (2I the grid resistance of the conducting tube when 
the grid voltage is slightly positive. Sensitivity to negative pulses on the 
other hand, is determined primarily by the voltage division between external 
grid resistance R,, and the conducting resistance of the tube. 

The above discussion was based on a step signal, although in practice 
the applied signal will have a definite initial slope and duration. ^Ihe exact 
miunnum found in this manner may not be very accurate but the comparative 
sensitivity is quite reliable. 

It is further to be seen that if the voltage — £e and the resistances are so 
arranged as to produce a voltage o and- 7 i,,,at the two grids, then the 
positive and negative sensitivity both become increased, and theoretically 
any small signal will trigger the circuit. For a further study of the 
previously mentioned questions regarding the actuating signals, it is necessary 
to analyse the switching operation during the time that both tubes are 
conducting. It may be re-emphasized that the present analysis has not been 
carried so far as to answer all the questions for all types of applied pulses. 
In wliat follows, first a pulse of rectangular shaxie is applied from a source 
in series with the external grid resistance of the tubes, and the proper 
amplitude and duration necessary for such a signal have been studied. Next, 
operation of the circuit by a pulse of the form has been indicated. 
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This is followed by experimental results which confirm the general mathe- 
matical conclusions. 

the rectangular pulse 

rectangular pulse generator may be assumed to have zero internal 
resistance and it may be connected asfehovvn by dotted lines in Fig. i. It 
IS also assumed that the coupling capacit^ce is very large. The equivalent 

ciicuit can be represented by Fig.^s. The circuit equations will be 
as follows : • 



(gm-2pC.,f,)ci + {y, + y 3 + 2 pCgp)ea — o ... ( 2 ) 

iyi~i'y3~^2pC,/p)Cl'^{gm 2 pCyp)C 2 = GajiD ••• ( 3 ) 

where G3 is the conductive i^art of y^, f{t) represents the form of the generated 
signal, and p stands for d/dt. The voltage e,(f) will be given by A, /A 
where ; 

gm ~ 2pC „ p (y I + Ts + 2pC ,j p) 

A= (4) 

\ iyi-^ya + ^pC^/p) gm—2pCgp 

and 

O (.Vl + y 3 + 2pCgp 

Ai = (5) 

~Cr3/(0 (gm~2pC,,p) 

If yi = Gi + pCi and 3'3 = Ga + then the further expansions of the above 

determinants are : 

^ = P^iC, + C 3 ){C 3 + C 3 + 4 Cpp) 

+ 2j^>[(Gi -f Ga)(C'i Ca + + 2gmG(,p] -H [(Gi + Ga)® — gm] ••• (6) 

and 

Aa«Ga/^t)[i>(6i-i-Ca + 2G„/|-f G,-l-G»] ••• (?) 

The expression for A may be written in terms of its factors — — <*3) 

where : 

a — ~ 3 . a — ~ [gw + (Gi + Ga) 1 

C1 + C3 + ^Cgp Gi + Ca 
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The Laplace transform of A is then : (Churchill, 1944) 

L{^) = is-a^)(s-a^) ( 8 ) 

The Laplace transform of A, is : 

/,(Ai) “'GaL^'Ci + Ca + zC'up) + Gi + G^]/-/(0 ( 9 ) 

To take the Laplace transform Lfit) for a rectangular pulse in general ^shovvn 
in Fig. 6 ) it is necessary to consider the rectangle as composed of two step 
functions, T units of time apart. Thus, 

Lf{l)= e-' ... (10' 


CO 


E 



Fig. 6 


The rectangular pulse 

If this transform is plotted for the various values of i, it will be necessary 
to omit the terms with the exponential until t=T. In the present case the 
significance of the unequal pulse amplitudes is that the leading edge ab of the 
pulse does not opeiate on the equivalent circuit till the voltage —Ecu is 
reached by the grid. When this happens the amplitude of the pulse still to 
go is only £«. It is true that in actual application the rectangular shape will 
not be maintained by the pulse, and instead, due to shunting capacitance Cs, 
the grid voltage will rise with a definite slope. The second edge of the pulse 
is effective with its entire amplitude since it will be superimposed on a rising 
grid voltage. Thus, using the above Laplace transform of the driving voltage 
i (t), the Laplace transform of the grid voltage is : 


lf)_ f^,Fa[l-(£W£a)«~'3[5(C. + C3 + 2C „ ^) + ^G. + G.,)l 

This may be broken into partial fractions and its inverse transform may be 
taken to give the following result : (Campbell and Foster, 1942) 


I I ^ (Gi + G3 
Iha 


— if T— ( - G.E. 




• (la) 


It may be stated again that at f = o, the terms with £» are to be completely 
omitted since they affect the value of exit) only when i^T. It is quite 
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evideut from an examination of the coeflBicient accompanying the positive 
exponential that if a certain relation holds between T and EhfEa and *i, 

this coefficient will become negative and will come into play (at t — T) in such 
a way that the rising grid voltage will be made to fall instead. The condi- 
tion for this improper or reverse switching to take place is : 

I — e"“‘t ^ o 

Ea ^ 

I 


or 


^ 1 4 ^ a 

gm ““ (^1 + Ct3, 




(i3> 


It may be seen that if Ra becoiiles very large then //?«->! and 
logf {EblEa)-*-o, resulting in the critical |ridth of the rectangular pulse r,-*o. 
On the other hand, if Ea is very small llien a definite mininium width of the 
pulse is necessary in order that a complete switch (interchange) in the tube 
currents may take place. Kurthemiore, if the steady-state voltage on the 
grid of the tube which remains off is exactly — iic, and that at grid of the 
other lube is exactly zero, then Ea = Eb and again any pulse of a 
theoretically infinitesimal duration will be able to trigger the circuit. 
Obviously, thed-c adjustment for such a condition is very critical, as also 
indicated in the quasi-static consideration mentioned already. It may also l>e 
noticed that for any given Ea and /C*, the miniinnni pnlse required will be 
narrower, if the shunting and grid-plate capacitances arc small and if 
g„. is large. 


THE PARABOLIC PULSE 


An equivalent circuit for the liccles- Jordan trigger has been drawn in 
Kig. 7. In this case the coupl'iig condenser Cr may be neglected in oidci 



Fig. 7 

Equivalent resistance net work for the trigger circuit 

to simplify the differential equations, and the smallness of its size justifies 
such an assumption. The shunting capacitance has been lumped between the 
grid and the cathode since the amplification involved in the circuit makes the 
grid-cathode capacitance effectively more important than the bthers. The 
driving signal is again represented by tlie symbol /(t)and is shown as a current 
entering one of the grids from a high impedance source. The impedance of 
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this external source is taken to be i?® — jfGf, and the differential equations are 
as follows : 


gmei + ^ 


G + G, + ^^ + pC+ 


^e, = o 


(14) 


+ + .••• (15) 

A simultaneous solution of the above two equations gives the following 
differential equation for the voltage Ci : 


( G + G, + ^^ + pC + 


[( 


G . + G + + pc+^pc )=* - 




fit) 


(j6) 


The exponents of the transient part of the solution may first be obtained 
by putting the right-hand side of (16) equal to zero. Further, if the driving 
function = — it is pos.sible to assume a particular or steady-state 

solution of the form : 


When this expression is differentiated and substituted in (16), the cons- 
tants Ai, A2, and Aa can be found in terms of the circuit constants and k and 
m. When the transient and steady-state solutions are written as a sum, the 
constants accompanying the transient part of the solution can be evaluated 
by applying the boundary conditions, which are similar to the ones used in 
connection with the multivibrator (Ahmed, 1950). The conditions are that 
at < = o, the grid voltage must be equal to — and the rate of rise of the 
grid voltage must be the same as the rate of rise of the applied signal, i.e. 
— k in this case. It will be found upon examination of the final equation 
that when m becomes larger than a certain amount, the coefficient accom- 
panying the positive exponential becomes zero. Actually minimum value for 
the ratio fe/m is found, and that is a specification regarding the minimum 
width of the applied signal. It will also be found that a higher value of gm 
makes the minimum duration of the signal required smaller. A reduction in 
the shunting condenser C leads to an almost proportional reduction in the 
minimum value of k/nt. 

Apart from an idea of the minimum duration and amplitude of the 
operating signal, an analysis of this type also indicates that for any given 
width of the pulse there will be a certain maximum of the applied signal, 
beyond which the signal will again fail to produce a proper switching operation. 
In the above-mentioned case, given a certain pair of values of the signal constants 
k and m, the time taken by the grid voltage to reach zero volt can be found, 
and this time may also be the time required by the voltage on the other grid 
to reach Obviously, when such a switching has taken place the positive 
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exponential does not exist any more. If the applied pulse were still decreasing 
this would tend to reverse the switch, making such a choice of kjm also 
undesirable. 

Since similar considerations apply to the rectangular pulse, it may be 
concluded that although the particular limits may be different for different kinds 
of actuating pulses, a maximum and a i^inimum amplitude will generally 
exist for all types of pulses. It may also ^ be concluded that the minimum 
amplitude for sharper pulses of given initis^ slope will be greater than that 
required for comparatively wider pulses. On the other hand, the maximum 
amplitude is likely to become smaller as ttite pulse width increases. As the 
pulse becomes wider than the time of itise, the maximum amplitude of the 
positive pulse for a juoper triggering actioli will approach the minimum ampli- 
tude of the negative pulse required to tHgger the circuit in the opposite 
direction . 


E X P K R I M p: N T A 1, R R 55 U L, T S 

Experiments were carried out on a trigger circuit for investigating the 
relation of maximum and minimum operating pulses with the w’idth of the 
pulses. The results for exponential pulses obtained from a differentiated 
square wave source are given in Tables I, II, and III and have been plotted 
in Fig. 8. CV is the value of the (leaking condenser used in conjunction with 
a resistance of lo kfl, and represents the effective width of the pulses. Other 
circuit constants are shown in the figure- 



Fig. 8 

Exponential pnlse amplitude required Vs. pulse sharpness 
The results for rectangular pulses are given in Table IV , and have been 
plotted in Fig. 9* 

These tables and the accompanying figures generally support the conclu- 
sions that (a) the minimum amplitude for sharper pulses is greater than 
that for wider pulses ; (6) increased pulse-width decreases the maximum 
amplitude requited : (c) for very wide pulses the maximum amplitude for 
positive pu^s approaches the minimum amplitude for negative pulses. 

3— 1778P — ^3 
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Table I 

External shunting capacitance between grid and cathode Cg^—o, and the 

coupling condenser Ce = io/*MF. 


c. 

Minimum positive 
pulse amplitude 

Minimum negative 
pulse amplitude 

Maximutn amplitude 
for both pulses 

loo/AfiF 

13.0 V 

22 0 V 

38.0 V 

200 ,, 

13-0 

22.0 

33*0 

300 „ 

13.0 

21.5 

27-5 

400 ,, 


20.5 

25 0 

500 ,, 

12.0 

20.0 

1 

j 23-0 


Table II 



0 

II 

•it 

Ce — SOflfkF. 


Cr 

Minimum positive 
pul*ie amplitude 

Minimum negative 
pulse amplitude 

Maximum amplitude 
for both pulses 

loofAfiF 

7.5 

17*0 V 

55-0 ^ 

200 ,, 

7.0 

16.0 

430 

300 „ 

6.5 

15.0 

37-0 

400 

5-5 

MS 

32.0 

500 ,, 

5-5 

14.0 

28.0 


Table III 

(^ok=0, Ce=2<)fJifxF. 



Minimum positive 

Minimum negative 

Maximum amplitude 


pulse amplitude 

pulse amplitude 

for both pulses 

JoofifiF 

4.0 V 

1 0.0 V 

65.0 V 

200 „ 

3.5 

9.0 

50.0 

300 „ 

2-5 

9.0 

44.0 

400 „ 

2.0 

8.0 

40.0 

500 

1*5 

8.0 

36.0 




It is further shown by these results that a greater value of Ce increases 
the pulse size range ; and it is also strongly indicated ^Fig. lo) that a certain 
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Fig. 9; 

Rectangular pulse aniplitu|le Vs', pulse widlh 



FlG. lO 

Pulse size range Vs. coupling capacitance 


TABI.E IV 


Cgt = 0, Cc =20 )«mF. 


Pulse width in /u sec. 


1.8 
2 9 

3-5 
4 I 
4 5 
4 .« 
5-5 
6.4 

7.0 

8 o 

9-5 

12.0 


Minimum amplitude in 
volts 


12 3 

10.0 

8.5 
75 
7 o 

7.0 

6 5 

6.0 
6.0 
6.0 
5*5 
5-5 


Maximum amplitude in 
volts 


35-0 
3 c. o 

350 
35 o 

34-0 

33 ‘« 
31-5 
27 5 

26.0 

23-5 

20.0 
12.2 


iiiinimutn value of C< is necessary for proper switching. From the point of 
view of design it might appear that there is a definite advantage in having an 
appreciable value of coupling capacitance present in the circuit. However, 
there is a disadvantage in increasing the value of C « and it will be clear from 
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Tabic V, where for given pulse heights the niiuimum possible separation 
belweeii successive pulses has beeu studied- 

. Table V 


C\jk = 5of*f^F~Cc 


; height in 

Minimum separa- 

volts 

tion in ft sec. 

^ 5 

14.0 

5-4 

16 0 

4.2 

19-5 

3 

24 1 


It is clear that because of the discharging of the large C,, the grid voltage 
waveform is similar to that in the case of the multivibrators, and hence a 
small i)Ositive i)ulse, coming soon after the condenser Ce, has started to 
dscharge, is incapable of driving the giid to the cut in voltage region. The 
larger the amplitude of the pulses the closer they are for producing proper 
switching. It was found that a reduction in Ce made successive switching 
possible with smaller interval between the pulses. It is obvious, therefore, 
that when the pulse repet itif ii rate is high, C, cannot be increased beyond a 
certain limit. This, in conjunction with the amplitude range consideration 
mentioned earlier, w'ill determine the proper size of the coupling condenser. 

In conclusion, it may be said that the linear analysis of switching operation 
does lead to a systematic underalanding of the operation of trigger circuits. 
The design consideiations indicated heie also serve to clarify some properties 
of the trigger circuit. 
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ELECTRICAL PROPERTIES OF INDIAN MICA 
IV. ELECTRIC STRENGTH* 

By vS. vS. MANDAL 

(Received for publication, December 14, ig^o) 

ABSTRACT. Ihe paper reports the results of measntenicnts of elccti ic strength of 
red and green varieties of muscovite micas o| different qualities available m the mica mines 
of Bihar, Madras and Rajputana. The effe<*t of thiclmess and pre-conditioning of specimens 
upon their electric strength has been stipdied. Their intrinsic electric strength is found 
to be independent of thickness as predicted in Frohlich’s theory of electronic breakdown 
in polar crystals. 

I N T R O D U CT I 0 N 

It is well known that in order to assess the usefulness of a solid dielectric 
for different service requirements in electrical industry, a knowledge of its 
dielectric loss, electric strength, volume and surface resi.stivities, in addition 
to its physical and chemical properties, is essential. The dielectric loss is 
generally estimated from the permittivity and power factor values of a 
dielectric while its electric strength and resistivities are directly measured. 
In previous communications (Datta, SenGupta and Mahanti, 1943 » Mahanti, 
Mukherjee and Roy, 1945 ; IMahanli and Mandal, 1948,' were reported the 
results of measurements of permittivity, power factor and dielectric loss of 
diflFerent types of Indian micas of different origins and of the effect of 
humidity and preheating temperatures upon these quantities. 

The present investigation was undertaken mainly to make a comparative 
study of the electric strength of the more abundant red and green varieties 
of Indian muscovite micas of different qualities and origins and of its variation 
with thickness and pre-conditioning. For this purpose it was considered 
more advantageous to measure the electric strength of micas in transformer 
oil than in air, as this would enable us to use a voltage source not higher 
than 50 fc, v. and test pieces of comparatively smaller area without any 
occurrence of flash over. Moreover, the use of transfoimer oil as the 
immersion medium would avoid the source of uncertainly due to varying 
atmospheric conditions, which influence the electric strength measurements 
in air. The electric strength in air was, however, determined for the clear 
red and green varieties. This was done with a view to ascertaining how far 
the value of their electric strength in transformer oil deviates from that 
in air. An attempt was also made to determine their intrinsic electric 
Strength. 

^ Communicated by Prof. P. C. Mahanti. 
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The followins muscovite micas were investigated. They were obtained 
in the form of booklets from the Geological Survey ol India. 

1. Bihar Red (Bengal Ruby), clear. 

2. Bihar Red, stained. 

3. Bihar Red, stained and slightly spotted. 

4. Madras Green, clear. 

5. Madras Green, stained. 

6. Madras Green, stained and slightly spotted. 

7. Rajputana Red, clear. 

8. Rajputana Red, stained and slightly spotted. 

y. Rajputana Clreen, slightly stained. 

It may be noted here that the mica mines of Bihar, Madias and Rajputana 
are the chief sources of Indian muscovite micas. 

1» R K P A R A T ION O P ’J K S T-P I K C' K S 

Mica samples of each variety and quality were visually examined as 
regards their transparency, colour, spots, loose layers and pits. Fiom the 
samples thus chosen ueic cut or split out test pieces of different thicknesses 
and having an area of six inch square for tests in air and of one inch square 
for tests in transformer oil. They weic then thoroughly cleansed with 
rectified spirit iiud stored at room temperature in desiccators until required. 

!• R E-II E .'V T I N G OF T I? S T-l> 1 E C E S 

In a previous communication (Mahanti and Mandal, 194S) it was reported 
that the muscovite micas of iicminal thickness of 2 mils show a minimum 
power factor when pre-heated at a tcmperatuic of about 200'’ C for a period 
not less than half-an-hour. Hence in the present work the range of pre- 
heating temperature was limited up to 300' C only. At each pre-heating 
tempeiature, groups of test-pieces of nominally diffcicut thicknesses were 
heated for a period of five hours to ensure their uniform conditioning. An 
electrically heated muffle-furnace was used for the purpose and its 
temperature was regulated to the desired value by controlling the heating 
current. A calibrated platinum — platinum-rhodium thermocouple was 
employed to record the temperature of the furnace. It was only when the 
temperature of the furnace was found steady at the desired value that the 
test- pieces were introduced into it and left therein for five hours. At the 
end of this period, they were transferred to desiccators containing anhydrous 
CaCla to cool down to the rooin-temperatuie, at which electric strength 
measurements were made. 

MEASUREMENT TECHNIQUE 

In order to apply uniform electric stress to the test-pieces, two stainless 
steel spherical electrodes, each of half-inch diameter, were mounted co-axially 
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on ebonite stands fixed to a circular ebonite base. One of the electrodes 
was fixed in position while the other was movable in a horizontal plane with 
the help of an accurate micrometer screw-gauge. The ebonite base has a 
circular groove cut near its periphery so as to fit exactly at the mouth of a 
cylindrical glass cell of about i gallon capacity. 

The A. C. test voltage, which was of good wave-form at power 
frequency of 50 c/s, was supplied by high-voltage transformers. Three 
such transformers of different ratings up to 50 k. v- were used for convenience 
in manipulating the rate of raising the test-voltage across the test-pieces. 
As an induction regulator was not available, the voltage was regulated in 
each case with the help of an auto-transformer having steps of to volts, each 
step being further adjusted by a rheostat as necessary. The input voltages 
of the high voltage transformer were measured on a precision A. C. voltmeter. 
The high voltage electrode was collected through a 4.5 megohm safety 
resistance. The A. C. peak voltages were measured on a calibrated 
electrostatic voltmeter of range 0-25/50/ TOO k. v. and also checked from the 
product of the input voltage of the high voltage transformer in operation 
with its turn ratio. 

For each sample, a preliminary observation was made on a test piece 
of a particular thickness to get an aiiproximate idea of its breakdown voltage. 
This being known, breakdown test on a fresh lest piece of the same nominal 
thickness was made by raising the voltage from zero smoothly and uniformly 
at such a rate that breakdown ocoured within 30 to 60 seconds. In this way- 
similar observations were made 011 test-pieces of the same or of different 
nominal thicknesses of the same sample. The duration of impulse was kept 
constant in each case. 

For breakdown tests in transformer oil, the glass-cell was Glied with the 
oil (Grade A) to 2/ 3rd of its height, so that the electrodes lay well under 
the surface of the oil. 

A few observations were also made, using D. C. voltage supplied from 
the same set of transformers in conjunction with a iso-k. v. Kenotron 
rectifying valve and was meassured on the .same electrostatic voltmeter. 

Intrinsic electric strength measurements, using both A. C. and D. C. 
voltages, were made only in the case of clear Bihar Red and Madras (Jreen 
micas. It has been shown by Hackett and Thomas (1949) that in intrinsic 
electric strength measurements on plane specimens of mica it is essential to 
prevent premature breakdown of the ambient medium. When using 
spherical electrodes, this can be done by selecting a liquid medium of 
relatively high conductivity, such that 

^ e,(r, for D. C. 
and for . C. 

where e= field strength, in volts per cm ; effective conductivity, in mhos 
per cm ; fe permittivity ; /^frequency and the subscripts m and ^ refer 

I 
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to the medium and to the specimen respectively. A mixture of castor oil 
(inedicinal; and nitrobenzene was used as the immersion medium. After 
many trials, it was found that when the mixture was made with 27 % of 
castor oil and 73% of nitrobenzene by volume, the puncture in Madras 
Green mica took place exactly at electrode-vertices. But in the case of 
Bihar Red mica, using the same mixture, the puncture spot was found to 
lie slightly away from the vertices and may probably be responsible for the 
difference between the observed D. C. and A. C. values of the intrinsic 
breakdown voltage. 

The thickness of test-pieces before tests was measured with a dial 
micrometer to an accuracy of ± o.oi mil. This was further checked from 
the reading of the micrometer screw gauge when during the breakdown 
tests the movable electrode was pressed lightly on the surface of the test- 
Iiieces to hold them in position. The reading of the screw gauge was in no 
case found highei than that of the dial micrometer. 

RESULTS 

The experimental data for different varieties and qualities of Indian 
muscovite micas of various localities are given in Tables I — VI. lu each case 
the mean electric strength has been obtained firstly by dividing the actual 
breakdown voltage by thickness for each test-piece and then taking the 
mean of all such values for all test-pieces of all the same nominal thickness. 
In no case less than five test-pieces were used. 

The data of electric strengh in air of clear Bihar Red and Madras Green 
micas of different thicknesses are given in Table I. 


Tabi:,E I 

Electric strength of micas in air at 3o®C (Relative humidity ; — 56%) 

and Kffect of thickness. 


Nominal 

thickness 

(mils) 


Mean Ulectric strength in volts/mil (peak) 


Hihar Red (clear) 


Madras Green 
(clear) 


0 5 

15000 

X .0 

J2500 

2.0 

^ 55 <^ 

30 

6600 

4.0 


5 0 

4050 

7 5 

2650 

10 0 

2920 

12.5 

3780 

15-0 

1580 

20.0 

1480 

25 0 


30 0 

1320 


13680 

11400 

6840 

5320 

4560 

3 S 20 

2360 

1680 

1480 

1400 
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^able II contains the data of their electric strength in transformer oil 
for a nominal thickness of 5 mils, from which their relative strength to with- 
stand A. C. voltage can be judged. 

Table II 

Comparative tests of electric strength of micas for a nominal thickness of 

5 mils in transformer oil at 3o®C. 


Muscovite mica 

Number of 

Mean electric strength, volts/mil 

Variety 

Quality 

test-pieces 

1 

1 peak 

% dispersion 

Bihar 

Clear 

10 

2015 

± 5 -<^ 

Red 

Stained 

Stained 

12 i 

1853 

±4.1 


& 

slightly 

spotted 

11 

1905 

±4.5 

Madras 

Clear 

9 

1840 

±4 3 

Green 

Stained 

15 

1700 

±50 

Raj pu tana 

Stained & 

slightly 

spotted 

20 

1683 

± 5-3 

Red 

Clear 

Stained 

8 

2150 

± 5-2 

Rajput ana 
Green 

& 

slightly 

spotted 

6 

J920 

±5 1 

slightly 

stained 

8 

1720 

± 4-4 


Table HI 

Effect of thickness on electric strength of micas in transformer oil at 30" C. 



Mean elect ic strength, volts/mil (Peak) 

Nominal 

Bihar Red mica 

Madras Green mica 

thickness 







(mils) 








Clear 

Stained 

Stained ic 

Clear 

Stained 

Stained & 




slightly 

spotted 



slightly 

spotted 

2 

3485 

3040 

1 3250 

2650 

2147 

1 2250 

4 

*375 

2115 

2235 

2043 

2854 

180D 

6 

1725 

1528 

1650 

1 1700 

z688 

1600 

8 

1353 

1335 

1455 

i 1452 

1502 

1445 

xo 

1200 

1230 

138s 

i >355 

1382 

1406 

X 2 

ZTOO 

1185 

1335 

1286 

1290 

1290 

*4 

1040 

X140 

3300 

1245 

1137 

1276 
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Table 111 includes data showing the effect of thickness on their electric 
strength in transformer oil while in Table IV are given data to show the effect 
of the application of D. C. voltages. The data showing the effect of pre- 
conditioning the micas at different temperatures on their electric strength are 
included in Table V. The data on the intrinsic electric strength of clear 
Bihar Red and Madras Green micas are contained in Table VI. 

Table IV 

D. C. electric strength of micas in transfomer oil at 30 °C 
and Effect of Thickness. 


Nominal thickness (mils) 

Mean D. C electric strength, volts/ mil 

Bihar Rred clear 

Madras Green clear 

1 

t3»o25 

12,030 

2 

11,030 

10,135 

4 

7.875 

7.530 

6 

.5-592 

5,334 

8 

4,278 

4,035 

lO 

4,025 

3,780 


Table V 

Effect of conditioning for five hours at different temperatures on electric 
strength of micas of different thiknesses in transformer oil at 3 o°C. 


Mean electric strength ; volts /mil (Peak) 


Nominal 

thickness 

(mils) 

Before conditioning 

lOO 

•c 

200’ 

“C 

300*C 

Bihar 

Red 

(clear) 

1 Madras 

1 Green 
(clear) 

Bihar 

Red 

(clear) 

Madras 

Green 

(clear) 

Bihar 

Red 

^clear) 



Madras 

Green 

(clear) 

2 

3485 

2650 

3560 

3285 

3632 

3410 

3092 

3750 

4 

2375 

1 

3043 

2935 

2831 

3168 

2850 

2473 

2400 

6 

1725 

1700 

2350 

3345 

2680 

2450 

2285 

2x00 

8 

1363 

1453 

3000 

2150 

2435 

2225 

2190 

1800 

ID ' ' 

lacxi 

*555 

1743 

2021 

2175 

=115 

2100 * 

1625 
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Tablb VI 


Intrinsic electric strength data : 

Immersion mixture : 27% medicinal castor oil to 73% nitrobenzene by volume. 




Madras Green 

Bihar Red 

Thickness 

(mils) 

Type of 
voltage 

B. D. V. (kv) 

Mean eletric 

B. D. V. (kv) 

Mean electric 



strength 


strength 




(Peak) 


(Peak) 




(kv/mil) 


(kv/mil) 

1 


175 

17-5 

22 0 

22.0 



18.0 

18.0 

25 0 

25.0 

1-5 


26.0 

^ 174 

32.5 

21.66 



26.0 

17.4 

1 37*0 ' 

24.6 

2 


35 0 

17.5 

430 

21.5 


DC. 

35-0 

17-5 

48 0 

24. 0 


CONCLUSIONS 

It will be seen from the data in Tables I and TI that the electric strength 
of red muscovite mica is grealer than of green muscovite mica of the same 
quality. It is further found from Table II that the electric strength of a 
particular variety and quality of mica is quite independent of the locality 
from where it is obtained. 



Fig. I 

Qtfect of thickness on electric strength in air 
I— Bihar Red, clear 
II — Madras Green, clear 
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Figs. T-4 show ths variations of electric strength with thickness for 
different varieties and qualities of Indian muscovite micas at a temperature (rf 
3o“C, It is easily seen that the electric strength in each case decreases with 
increasing thickness and the nature of variation is as one would expect. It 
may be noted here that from theoretical considerations. Joffe (1926) concluded 
that in the case of thin films the electric strength (expressed as volts/mill 
should vary inversely as the thickness of the specimen and confirmed this by 
experiments on thin glass films. Moon and Norcross (1930) reached the same 
conclusion as a restflt of measurements on thin mica films of thickness below 
3 mils. Lewis. Hall and Caldwell (i 93 J)» however, found that over the range 
of thickness from o.i mil to 17 mils the electric strength (expressed in 
k.v./'mil) of mica falls off more rapidly than i/t, where t is the thickness of the 
specimen in mils and seems to be more adequately expressed by the equation 

kv/mil==- — B 

V I 



Fig. 3 

Bffect of thickness on electric strength 
in transformer oil 
I — Bihar Red, clear 
> stained 

ni— „ „ , slightly spotted 



Fig. 3 

Effect of thickness on electric strength 
in transformer oil 
1 — Madras Green, clear 
— •» o # stained 

III — „ „ stained and slightly spotted 
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, Thickness in mils — > 

Fig. 4 

Effect of thickness on D. C. electric strength in transformer oil 
I — Bihar Red, clear 
II — ^Madras Green, clear 


where A and B are constants, although below about 3 mils, the two laws 
ate practically identical within the limits of dispersion of their data. The 
present data are in conformity with this view. 



100 aoo 300 

Teiiiperatnre in "C 

Fig. 5 

Effect of conditioning on electric strength of Bihar Red mica, clear 

t 
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It is further found that although the ability of mica to withstand A. C. 
voltage is much lower in transformer oil than in air, there is practically no 
difference when D. C. voltage is applied. This is probably due to the 
different types of discharges which occur in gaseous and liquid media depend- 
ing on the nature of the applied voltage. 


t 

a 

u 

I 

U 

w 



ICO 200 300 

Temperature in “C — > 

Fig. 6 

Effect oi conditioning on electric strength of Madras Grten mica, clear 


Figs. 5 and 6 show the variation of electric strength of red and green 
muscovite micas with their conditioning temperatures. It is found that the 
electric strength in each case increases from the value obtained before 
conditioning the specimen and reaches a maximum at a conditioning 
temperatu^re of 2oo“C and then decreases. This observation, together with 
the data presented in a previous paper (Zoc. cit.) on the effect of pre-heating 
on power factor, leads one to conclude that when muscovite micas are condi- 
tioned at a temperature lying between iso^C to zoo°C, their electrical 
properties show very marked improvement. 

Fig. 7 shows the variation of intrinsic breakdown voltage with thickness 
for clear Bihar Red (Bengal Ruby) and Madras Green micas. It will be 
easily seen that their intrinsic electric strength is independent of thickness 
in conformity with a prediction of Fr&hiich’s (1937) theory of electronic 
breakdown in polar crystals. It will be* further seen that the intrinsic 
electric strength of Bihar Red mica is also greater than that of Madras Green 
mica. It may be noted, however, that in practical applications of micas for 
electrical design work, an electric strength approaching the intrinsic value 
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IS hardly attained due to various causes which are often unavoidable. 
Hence their electric strength in air forms a better guide for the purpose. 



0 12 
Thickness m mils — > 

Fig. 7 

Effect of thickness on intrinsic breakdown voltage. 

I — B. D. V. (A. C. and D. C.) for Madras Green, clear 

II— B. D. V. tA. C.). Bihar Red, clear 

III— B. D. V. (D. C.\ Bihar Red, clear 
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ABSORPTION SPECTRUM OF PHENETOLE 

By K. SREEBAMAMURTY 
{Received for publication, November 22, JQ50) 

Plate V 

ABSTRACT. Abont 90 bands were measured in the near ultra-violet absorption spec- 
trum of phenetole vapour in the rejjion ^2785*0 *.2385. The bands were broader than those 
of its lower homologue, anisole. An analysis iaisnggested on the basis of upper state frequ- 
encies, 159, 344, 354, 704, 907, 952, 1263, a|Dd 1542 cm*’. These are compared with the 
Raman frequencies, v-v transitions giving difference frequencies 23 2nd 35 cin"^ have 
been established. 


INTRODUCTION 

Substituted beuzenes have spectra in the near ultra-violet region which 
are more intense than the spectrum of benzene. One type of substituents 
previously investigated are NHj, OH, P' and Cl all of which possess an 
unshared pair of electrons in suitably oriented i> orbitals. Such electrons 
give rise to a migration of charge between ring and substituent and produce, 
as Sklar IX939) has shown, an intensification of the spectrum relative to that 
of benzene, the intensity being a function of the extent of migration. Ano- 
ther type of substitution is the CH, and other alkyl radicals which do not 
possess an unshared pair of electrons or a structure conjugate to the ring 
giving rise to a resonance effect of the kind existing in the first type of sub* 
stitution. Still as Mulliken, Rieke and Brown (1941) have shown, the alkyl 
substituents can resonate with the ring due to what is called by them as 
“hyper-conjugation." The methyl group has approximately the same effect 
on intensity as has the Cl atom. The calculated intensity of absorption 
(Sklar, 1939) is in agreement v/ith experiment. Ginsburg, Robertson and Matseu 
(1946) have also shown that the substitution of the CHj group affects the 
spectrum of the nucleus in much the same way as the other substituents Cl, 
F, NH, and OH, with the difference that the transitions in toluene, involving 
the higher vibrational quantum numbers, are not so well developed. Ano- 
ther *set of substitution which, in the light of the above discussion, is consi- 
dered worthwhile studying is the OCHs and its homologues. The spectrum 
of anisole (OCHs), the first of such a set of molecules was described in a 
previous paper by the author ^1950). Its interpretation was discussed in terms 
of electronic states and vibration frequencies of the molecule. The absorption 
spectrum of phenetole (O.CHs.CHt) form the subject of this paper. 

4— 1778P— 3 
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experimental 

As in anisole (Sreeramamurty, 1950), the spectrum of phenetole was photo- 
graphed on Hilger medium and large Littrow spectrographs, A pure specimen 
of phenetole supplied by B.D.H, was redistilled into the absorption tube in 
vacuum. Absorption cells of different lengths were used varying between 2.5 
cms to 100 cms. The longer column was used specially in an attempt to extend 
the absorption spectrum as far to the region of longer wavelengths as possible. 
The amount of phenetole vapour introduced into the tubes and its pressure 
was adjusted by varying the temperature of the reservoir containing the 
liquid. The range of temperatures at which the spectrum was photographed 
was — is^'C to 6o°C. While working with higher temperatures, the absorbing 
tube was heated to the same temperature or maintained at a slightly higher 
temperature than that of the reservoir. No photo-decomposition was found 
either for anisole or phenetole. Kven long exposures extending over four 
hours could be maintained without appreciable diminution in intensity from 
deposit on the windows. Absorption picture taken at the end through the 
windows did not reveal any selective absorption. 

A Hilger hydrogen lamp, run on the secondary of a transformer giving 
2000 volts and current of about 300 ma, was empolyed as a source of conti" 
nuous radiation. For preliminary experiments, in order to save the life of 
standard hydrogen lamp, the continuum provided by an oscillator discharge 
through iodine vapour developed in our laboratory was also used. The ex- 
posure times with the Littrow instrument extended to about four hours. 
Final measurements were adopted from the Littrow plates. 

DESCRIPTION 

The spectrum extended from A2785 to about A.23SS. About 90 bands 
could be measured in all. The development of the long wavelength end of 
the spectrum could not be extended further than A2785 even with the 
longest absorbing column of one metre and a maximum temperature x)t 8o®C 
attained in the experiments. The boiling point of phenetole is i72'’C and 
spectra at about this temperature might perhaps reveal an extension of the 
spectrum. These experiments are in progress. Plate V is a reproduction of 
the band system at different temperatures and absorbing lengths. 

TV6 distinct types of band structure are observed, ft) Bands with sharp 
heads on the violet edge and degraded towards the red. (2) Diffuse.bands 
with no sharp edges but generally having nia'xiittttnt intensity at the centre. 
While measuring the second type of bands. th6 crosswire of the micrdhieter 
was necessarily set against the intensity peak, while iti the first set the edges 
were measured. (3) A third type of bahda was also dbs.!rved showing a 
doublet structure. These doublets are not sharp as' in phenol or exactly like 
those observed iii ttduene. They consist 'of' one 'intense component With "a 
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Tablb I 


Waveleus^th 


W a Venn iiibe r 


Diff. from o,o 


Assignment 


2785.02 


35896 

36019 


0-343 


0 — 228 


0-744+796. ^ 
0-704+755. 3 
0-35 


0+27 

(0+1263-12351 


0+159 


o 1-344 


0+467 
0+ 344+159 
o + 554"'*^23 


0+554 

0+554 + 2X37 


3659-47 


3701* 


0—228+907 
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Table I (contd.) 


0 

Wavelexi^li 

Wavenumber 

Int 

Dl£f. from 0,0 

Assignment 

3697.07 

37066 

st 

704 

04-704 

95-95 

082 

mst 

720 

0—2284-952 

95-42 

089 

st 

730 

7044 37 

94 15 

106 

vst 

744 

0+744 

92 38 

130 

mst 

768 

0 + 744 + 27 

91*22 

147 

niw 

785 


88.31 

187 

vvw 

825 


84 -35 

239 

ttiw 

877 

0+907 — 35, 

0 + 952 — 2 X35 

83.93 

262 

tn 

900 

0 + 554+344 

82.40 


vst 

907 

04-907 

81.97 

275 

m 

913 

0+952 — 35 

7937 

314 

mst 

952 

0+952 

78. So 

320 

m 

958 


7718 

312 

m 

960 

0 -+- 9524-26 

76.30 

355 

m 

993 


73.81 

389 

mw 

T027 

0+3x344 

70.93 

429 

w 

1067 

0+907+ T59 

67.70 

474 

mw 

1112 

0+952 + 159 ; 
0+2 .554 

61.74 

558 

tlJW 

1196 

0+1263—2X35 

59.33 

594 

m 

1232 

0+1263—35 

58.14 

609 

w 

1247 

0+907+344 

5705 

625 

vst 

1263 

0+1263 

56.45 

633 

mw 

1271 


53.34 

693 

m 

1332 


46.75 

771 

vvw 

1409 

0 + 2 X 704 

46.02 

781 

m 

1419 

0+467+952, 

0 + 1263+159 

43-74 

814 

in 

1452 

0+744+554 
+ 159 

41.53 

846 

w 

1484 

0+2 X 744, 
0 + 554+3 »• 467 
0 + 554 + 953—33 
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1) » 13vV- 


0^ Ql? 

0 t g,i7 
0 f 744 
0 ^704 

0 -f ‘S54— 

0 + n4~ 


(KO - 





2604 


2b60 


2700 


-27i0 


(a) (h) (c) Fe 


Absorption spectrum of phenetole vapour 
(u) 2 5cm, — 15®C, (h) 15cm , C®C. (c) 50cm., 30®C 


PLATE V 
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Table I (contd.) 


Wavdengtii 

Wsvenntnber 

Int 

Di£f. from o,o 

Assigmneat 

^ 39 * 7 S 

3787a 

m 

1510 

0 + 534 + 95 * 

37-47 

904 

m 

1542 

0+1542 

28.45 

38034 

'ff 

f 

1672 

0+159 + 554 + 95 * 

24-93 

085 

1723 

0+1263+467 

16-93 

201 


1839 

0+9S2 + 907 — 23 

16.36 

310 

i" 

1848 

o+a X 554 + 744 

0 + 344 + 554 + 95 * 


222 

i' 

i860 

0 + 952 907 

13.61 

250 

1 " 

t’ 

1888 

0+952+2X467, 

0+1263+467+159, 

0+1542+344 

12.44 

267 

tw 

1908 

0+2X952 

10,16 

300 

vw 

1938 

0+2 K 952 + 27 

03-91 

392 

w 

2030 

0+952 + 704 + 344 
+ 27 

03.26 

402 

vw 

2040 

0 +952 + 744 + 344 

91-58 

575 

1 

w 

2213 

0+1263+952 

2590.59 

38590 1 

w 

2228 

0+3 X 744 

78-94 

764 

vw 

2402 


78.26 

774 

w 

2412 

0+554+907+952 

76.14 

806 

vvw 

2444 

0+907+154* 

61.13 

39034 

w 

2672 

0+467+554+744 

+907 

51.91 

*75 

w 

2813 

0+907+2 X 952 

18.43 

69s 

vvw 

3333 


2487.43 

40190 

vvw 

3828 


69.04 

489 

vvw 

4127 


xa.ax 

41443 

vvw 

508 


2388.22 

859 

vvw 

5497 



sharp edge accompanied by a fainter component towards the violet. The 
doublet width is about 7 cm~‘. The stronger component is much broader 
than the other component. In gaseraJ^ the bands are very broi^ even at 
the lowest temperature— t5®C at whid^ they were photographed. Table I 
records the wavelength^ wavenumber and intensity data of all the bands. 
The intensities are, foUowing^ the usual pract^e, expressed as vat, st,. and vaet 
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indicating very strong, strong and medium strong and respectively similarly 
vw, mw anH w. The fourth column gives the diflFerence from o, o band and 
the last one the assignment of the bands in terms of the characteristic 
frequencies. 

DISCUSSION AND ANALYSIS 

For the purpose of interpreting the absorption spectrum of phenetole, 
the molecule may be regarded as a mono-substituted benzene, the effect of the 
OCaHs group on the benzene ring being analogous to that of the halogens 
or the OH, CH# or O.CIIa groups. The symmetry of the benzene molecule 
is modified to that of Car the allowed electronic transition Ai — Bi giving 
rise to the spectrum. The vibrational states involved are of symmetry class 
Ai. In addition, vibrations of symmetry class B, and A, may also appear 
but should be weak. The Bj vibrations should be absent. If the perturba- 
tion of the benzene ring by the substituent O.CaHs is not very great the 
forbidden transition made allowed in the benzene spectrum by the ej 
vibration might also be expected in the spectrum of phenetole. 

The strong band at V36362 is classified as the o — » o transition. This 
does not present a doublet appearance but is broad with a sharp violet edge. 
The o — I X V transitions corresponding to the Raman frequencies have not been 
obtained beyond V343 as the spectrum did not extend further than V35896 
(0 — 466). Only two frequencies 228 and 343 cm”' are observed which agree 
with 236 and 347 cm“’, as reported by Kahovec and Reitz (1936). The Raman 
frequency 424 cm“^ is not found in the ultra-violet spectrum although it is 
recorded to have intensity (4) in the Raman spectrum. The two frequencies 
613 and 510 cm of the ground state are the two cojnponents resulting from 
the removal of degeneracy of the vibration by the substituent. The corres- 
ponding frequencies in the excited state are probably 554 and 467 cm”^. 
The 544 frequency is non-totally symmetric and is found to combine with 
all the other totally symmetric vibrations. The band at V37474 cm”* giving 
a difference 11 la is assigned either as o-i- 2 x 554 or 0 + 952 + 159. Perhaps 
the latter assignmment is more piobable since the transition involving the 
doubly excited non-totally symmetric vibration is expected to be very faint 
on the basis of the Franck-Condon principle. Other upper state frequencies 
established in this work, as can be seen in the last column of Table I, are 
*59. 344> 744 f 907. 952. 1263 and 1542 cm~*. They are adopted on the 
basis of their correlation with Raman frequencies, intensity of the transition 
0 + I X V and the combinations that they present. The frequencies are corre- 
lated with the corresponding Raman data and are shown in Table II. In 
general, it may be assumed that due to electronic excitation of a molecule 
the vibration frequency of the excited state would be smaller than that in the 
ground state. On this basis, the associations of all the strong totally symme- 
tric frequencies in the ground and excited states, shown in the Table IJ, 
appear to be satisfactory except the upper state frequency 1263, which is 
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higher than 1235 in the ground state. Perhaps the strong band o + 27 at 
V36389 representing 0 + 1263 — 1235 supports this correlation. An associa- 
tion for a similar nature was observed also in phenol (1273 upper state, 1263 
S^"uund state). Another striking feature is the absence of the frequency 
corresponding to 1166 cm"’ in the ground state which yields a fairly strong 
Raman line. 

First column in Table 11 contains the symmetry classificatation of the 
vibration suggested from the intensity of the corresponding band heads. 
In toluene two frequencies 216 and 730, ascribed to .symmetry J3j, have been 
observed in the ground state from Raman data. The corresponding excited 
state frequencies were not observed since such vibiatioiis should not appear. 
In phenetole since the frequencies le^ and 704 cm"’ are intense, these, as well 
as the ground state frequencies 236 apd 755 cm ’ with which they are corre- 
lated, may probably be of the symmetry class Ai. 

I 

Table II 


Probable 

symmetry 

characterization 

Ground State 

Kxcited State 

Present work 

Raman 

Kahovec and Reitz 

v.v. 

Present Author 

Symmetry 

510 (1) 


467 til 

if 

79^ 


744 vst 

1 1 

995 (7) 


907 vst 

if 

J02J 14 ) 


952 mst 

If 

1 1 66 (3) 



I* 

^235 ( 3 l>) 


1263 mst 

Symmetry I^i 

347 ' 3 ) 

343 w 


it 

61.3 (3) 


554 m 

Symmetry Ay 

424 (4) 


344 ni 

m 

93 <> (36) 

228 nist 

159 mst 

■* 

7SS ( 2 ) 


704 st 


From a scrutiny of last column of Table I it will be seen that many of 
the transitions of the type o + i x v'l + i x v'y are present as also o + 2 x v'j . 
The three quantum number transitions of the type o + 3Xv'< are absent 
with the exception of 0 + 3x344 and o + 3 x 744 while a larger number of 
the type o + i x + i x v'y + i x are observed. In general, as in tolu- 
ene, the phenetole spectrum is not well developed for transitions involving 
the higher vibration as quantum numbers. In this respect it differs from the 
spectra of other substituents such as F, Cl, NHj and (_)H. 

Close to the 0,0 band on the red side three strong l>ands appear giving 
the differences 23, 35 and 62 cm"’. These are too small for assignment as 
the Raman frequencies and probably repiesent the difference frequencies 

corresponding to i >i transitions detected in most of these substituted 

benzene spectra. Of these 23 and 35 alone could be estab’i^hed as such, 
since they occur in combination with other frequencies resulting in the ultra- 
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violet bands although their correlation with any of the assigned fundamental 
frequencies is not possible. The 62 cm"* frequency could not at all be esta- 
blished on any basis. 

Following Clinsburg (et al) an interesting comparison might be made of 
the frequency change : (i) in benzene and substituted benzenes, (2) in the 
ground and excited states in the same substituted molecule. Table III 
shows these differences with respect to benzene and phenetole for certain 
vibrations. The first column represents the Wilson notation for the frequ- 
ency. Two points might be considered in this comparison ; fi) Since the 
O.CaHs group replaces a hydrogen atom in benzene, a large change in fre- 
quency may be expected for the predominantly hydrogen than for the carbon 
vibrations. This is seen for the vibrations 7a and 12. (2) The electronic 

excitation affects the electrons in the C-C bond so that the C-C frequencies 
will undergo a large change in the process of excitation. This is evident 
in vibrations 1 and i8a. The 6a vibration cannot be concluded on this 
basis aUme as a carbon or a hydrogen vibration. A discussion of this point 
in comparison with several other substituted molecules will be given 
elsewhere. 

Table III 


Frequency 

Frequency I 

Benzene Raman- 
Phenetole Raman 

differences 

Phenetole Raman- 
Phenetole excited 

Vibration 

I 

-3 

88 

C-C 

6 a 

96 

43 


ya 

1812 

-38 

C-H 

ga 

12 

• •• 


12 

215 

52 

C-H 

18a 

14 

7 ^ 

C-C 

Bo 

— 1 

55 

C-C 
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RAMAN SPECTRA OF ORGANIC CRYSTALS At 
DIFFERENT LOW TEMPERATURES. 11. ETHYL 
BENZENE AND BENZYL CHLORIDE.* 

f 
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I 

Pfate VI 

ABSTRACT. The Raman spectra of cr|stais of ethyl benzene at -ioo*C and -i8o'C 
and of benzyl chloride at— 5o*C and — i|o*C have been investigated. Each of these 
substances in the solid state at a temperature ! a few degrees below the melting point yields 
four new Raman lines in the low-frequency region and this number increases to five when 
the solid is farther cooled down to — i8o*C The intensity of some of the lines also increases 
with the lowering of temperature. It is pointed out that these results cannot be explained on 
the hypothesis that the lines are due to angular oscillation of the molecules pivoted in the 
lattice and that they can be explained by assuming that groups of associated molecules are 
formed in the solid state as pointed out earlier by Sirkar (1936I. 

The prominent Raman lines of the liquids are observed to become sharper with solidifi- 
cation of the liquid and some of the lines undergo slight changes in position. It is pointed out 
that these changes are also compatible with the formation of groups of associated molecules 
in the solid state. 


INTRODUCTION. 

To explain the origin of the low frequency Raman spectra observed in 
the case of diSerernt substances like benzene, naphthalene, diphenylether, 
para-dichlorobenzene, etc., in the solid state, Kastler and Rousset (1941), 
Bhagavantam (1941) and Rousset \1948) postulated that these lines are due to 
oscillations of the molecules pivoted in the crystal lattice. This hypothesis 
can be tested by studying the temperature-dependence of intensities and fre- 
quencies of the new lines as pointed out earlier by the author in the case of 
chlorobenzene and toluene (Ray 1950), benzene (Sirkar and Ray, 1950) 
naphthalene (Ray, 1950). The results led to the conclusion that the low-fre- 
quency lines might be due to oscillations of the groups formed by association 
of the molecules and that the results could not be explained satisfactorily by 
the hypothesis put forward by Kastler and Rousset (1941) and Bhagvantam 
(x94x). As the angular oscillations of the' benzene ring pivoted in the lattice 
are expected to be greatly affected by the presence of substitution groups in 
the molecule, the results obtained in the case of a large number of substituted 
benzene compounds may be helpful in understanding the nature of oscilla- 

*Conunniiicated by Prof. S. C. Sirkar. . 
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tions which give rise to these new lines in the case of the organic crystals 
It is therefore intended to study the Raman spectra of a few substituted 
benzene compounds in the solid state at different temperatures and the results 
obtained in the case of ethyl benzene and benzyl chloride are discussed in 
the present paper. 

EXPERIMENTAL 

The liquids ethyl benzene and benzyl chloride used for the present investiga- 
tion were obtained from U. S. A. and were of chemically pure quality. The 
purity of the liquids was tested by comparing the Raman spectra of the 
liquids with those observed by the previous workers. In order to study the 
Raman spectra of the substances in the solid state at different low tempera- 
tures, the liquids distilled in vacuum were taken in cylindrical pyrex glass 
containers, each about one inch in diameter, provided with a long narrow? 
neck with its mouth sealed. The container was suspended in a transparent 
Pewar vessel and the substance was kept at different temperatures by adjust- 
ing the position of the level of liquid oxygen in the transparent Dewar vessel. 
The temperature was measured with a pentane thermometer. Other experi- 
mental details were the same as those described by the author in a previous 
paper (Ray, 1950). Care was taken to solidify the liquid slowly in order to 
obtain a homogeneous mass so that the proportion of the extraneous light due 
to diffuse reflection from the volume of the crystal wras small. The aperture 
of the collimator lens was effectively cut down in order to reduce the coma 
in the region of 4358 K, In the case of ethyl benzene two spectrograms 
with the solid at about — loo^C and — i8o“C were obtained and in the case of 
benzyl chloride the corresponding temi>eratures of the solid were about 
and — i8o“C respectively. Iron-arc spectrum w'as used as compa- 
rison in each case. 

RESULTS 

The spectrograms obtained for the two substances in the liquid state 
and in the solid state at different temperatures are reproduced in figures 1 and 
2 m the Plate VI. The low-frequcncy region enlarged about six times is re- 
produced in figures 3 and 4. The frequency-shifts are given in Tables I 
and II in which those for the liquids reported by previous authors (Magat, 
1934 and Petrikaln & Hochberg, 1929) are also included. No attempts were 
made to record the faint lines in the case of the liquids, as these lines were 

masked by the continuous background due to stray light in the case of the 
solid. 

DISCUSSION OF RESULTS 
(a) New Itncs $n the ioio^fTequ^ficy tegion 

It can be seen from Tables I and II that in the case 
pounds some new lines appear in the low-frequency region 


of both the com- 
when the liquids 
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are solidified. The number of new lines in the case of solid ethyl benzene 
at — ioo“C (melting point — 92.8°C) is four, the frequency-shifts being 45, 
68> 95* 128 cm“* respectively. When the temperature is lowered to --i8o'’C 
the line at 68 cm ^ splits up into two lines at 63 and 81 cm~* respectively. 
All the other three lines also shift a little away from the- Rayleigh line with 
the lowering of temperature from -ioo“C to -i8o°C. In the case of 
benzyl chloride at — 50°C (melting pqint “39“C) also four new lines appear 
in the low-frequency region at 46, ’ 60, 86, 116 cm" respectively .and of 


Table I 

Ethyl Hellene (C6H5C2H5) 



P t;;c sent author 

1 


Magat (1934) 

Liqiud 


Solid at about 

Solid at about 


liquid at 30^*0 

Ap in cm"^ 

— ioo*C 

— i8o*C 

A I" in cm"’ 


Ap in 


Continuous wing 
extending upto 
loo rni‘* 

145 (2b) ; e. k 

45 (ob) : e, k 

68 (ib) ; e, k 

95 (1 ) ; e, k 

128 (0 ) ; e, k 

148 (2 ) : 'e, k 

48 (0 ) ; e, k 

63 (2 ) ; e, k 

8i (2 ) ; e, k 

100 (2 ) ; e, k 

130 (x ) ; e, k 

153 (3 ) ; e, k 

457 (0) 



493 (is ) ; e, k 

490 fi) 

4Q3 (ib) ; e, k 

493 (is ); e, k? 

538 (0) 

620 (2) 

556 (lb) ; t* 

623 (2 ) ; e, k 

623 (2 ) ; e, k 

620 (2 ) ; e, k 

724 

745 <1 ) ; e, k 

745 (1 ) ; e, k 

745 (I ) ; e. k 

773 (0) 

772 4 ) ; e, k 

768 (2 ) ; e, k 

768 (2 ) ; e, k 

962 

848 (1 ; ; e, k 

962 (2 ) ; e, k 

962 (2 ) ; e, k 

957 (r ) : ^ 

1000 (4) 

1000 ^5 ) i e, k 

997 (4 ) ; e, k 

994 *4 ) i k 

1032 (2) 

J032 (3 ) ; f. k 1 

1030 (2 ) ; e, k j 

1027 (2 ) ; e, k 

1057 (0) 

J055 (1 ) ; e, k 

^ 1052 (0 ) ; e, k 

1 105^ ^ 

1106 (0) 


1158 (I ) ; e, k 

1156 (1) 

1156 (2 ) ; e, k 

1157 ) i e, k 

1176 (i) 

1175 {0 ) ; e, k 

1 1170 (i ) ; e, k 

1170 (i ) ; e, k 

1204 (3, 

1205 (3 ' ; e, k 

' 1205 (2 ) ; e, k 

1205 (2 ) •. e, k 

I2S9 (i ) ; e, k 

1260 (1) 

j 262 (obj ; c, k 

1261 (i ) ; e, k 

1381 (o1 

1448 (idd) 

J325 (ih) ; k 

1448 (id) ; e, k 

1 

1 7448 (i ) ; e, k 

1450 (1 ) ; c, k 

1465 (idd) 

1587 (t) 

1588 (1 ) ; e, k 

7586 (i ) J e, k 

1586 (1 ) ; e, k 

1608 (3) 

1608 (4 ) ; e, k 

1^8 (2 ) ; e, k 

1604 (2 ) ; e, k 

2936 {2d) 

2880 (ib ) ; e, k 

2912 (1 1 : e, k 

2936 (2 ) ; e, k 

2878 (jb ) ; e, k 

2912 (ob ) : e, k 
2930 (2 ) ; e, k 

2860 (ib) ; e, k 

2935 (0 ) ■> ^ 

2943 (3 ) ; k 

3053 (3) 

3066 (a) 

3036 (i ) ; e, k 

3064 (5b ) ; e, k 

3040 (i) ; k 

3050 (4) ; k 

3068 (1) ; k 

3957 

3036 (3) ; k 

3050 (4) ; k 

3060 (0) ; k 



tbese the line at 86 cm“* splits up into two lines at 8a and 88 cm"* re^MSG-' 
tively at — iSo^C- 'fhe centre of gravity of these two lines is at 85 cm"* 
and therefore, the line does not shift appreciably with the lowing of 
temperature of the solid. Of the remaining three lines the line at 46 cm"* 
remains in the same position and the lines 86 and 116 cm * shift respectively 
to 88 and 119 cm"* when the crystal is cooled from — 5o®Cto -iSo^C. 
Thus it can be concluded that these changes in position of the lines in the 
low-frequency region in this case are smaller than and quite different froni 
those observed in the case of ethyl benzene. 

An attempt may now be made to explain these results on the different 
hypotheses put forward by previous workers to explain the origin of these 
new lines in the low-frequency region. According to the theory put forward 
by Kastler and Rousset (1941) and also by Bhagavantam (1941) the lines are 
due to angular oscillations of the rigid molecule pivoted in the lattice, and 
the frequencies of such oscillations depend on the moments of inertia of 
the molecule about three axes. The line with minimum frequency-shift is 
due to the oscillation of the pivoted molecule about an axis perpendicular to 
the plane of the molecule, according to the theory mentioned above. The 


TabIvE II 

Benzyl Chloride C* He CHa Cl 



P r e s ( 

ent author 


Petrikaln & 
Htjchberg (1929) 
liquid A*' in cni“* 

Iviqutd at 25®C 

A a' in cm “ 1 

Solid at about 
— 5 o’C 

A*' in cm“^ 

Solid at about 
— 38 o*C 

Ay in cm"* 


138 


275 

338 

476 

622 


Continnoas wing 
extending upto 
100 ctn*' 


134 (4b) ; e, k 
274 (ob) ; e, k 

478 (lb) : e 
625 (a ) ; e, k 


46 ( I ) ; e, k 
60 (i ) ; e, k 

86 (a ) ; e, k 

116 (a > ; e, k 
*38 (s ) ; e» k 


478 (ib) ; e 
625 (a ) ; e, k 


46 (a ) ; e, k 
6a (a ) ; e, k 
8a (3 ) ; e. k 

88 (3 ) ; e, k 
119 (3 ) : e. k 
14a (5s) ; e, k 


478?‘(a );e k 
635 (3 ) ; e, k 


68 a 




77* 

816 

leoz 

1038 

1136 

Zaza 

1*67 

zeu8 

3967 

3064 


681 (3b) ; e, k 

767 (a ) : «, k 
8ao (r ) : e, k 
997 (10) : e, k 
1035 (i ) ; e, k 
Z162 (i ) ; e, k 
laio (a );e, k 
1263 (ib) : e, k 
z6o8 (5 ) ; e, k 
3967 (ab) ; k 
3063(3 ); k 


673 (^ 1 ; e, k 
767 (a ) : «, k 

997 («) ; e, k 
1025 (z ) : e, k 
116a (i ) : e. k 
12Z3 (a ) : e, k 
ia6s (4 );e, k 
1608 (5 ) ; e, k 
*975 (I ) ; k 

3065 (3 >1 k 


670 (58) ; e, fc 
674 (18) ; e 
767 (38):e,k 























tlie'^ate compiled in Tabte 11T« -iMlp^ever, shows that molecules 
havtoiif wiiie^ diSetent moments of ^nrtia yield a line having tibie seme 
minissm For instance, the line at about 47 cm ^ is ptesemt 

to the Rahnaa of benzene, cdilcu'obenzmie, toluene, benzyl c^locide 

and ^yi benzene at iSo^C. 



Careful examination of the diret:t mercury arc spectrum phc^ographed 
with the same spectrograph has shown that there is no trace of any line in 
this po^on and therefore this line is not a spurious one. The presence of 
this line in all these cases thus clearly shows that the frequency of the line 
is not at all determined by tbe moment of inertia of the molecule, because 
the moment of in^tta of tbe benzene molecule about an axis perpendicular 
to its plane is much smaller than that <rf any of the other four compounds 
mentioned in Table III. Such a conclusion is further supported by the fact 
that correi^nding to a line at 154 cm** in tbe case of benzene, chloro- 
benzene 3rields a line at 135 cm“*, although the corresponding moment of 
inertia of chlorobenzene is much larger. Thus these results do not si^vport 
the hyimtheses that the lines are due to angular oscillations of the molecules 
pivoted in the lattice. The increase in intensity of some of tbe lines with 
the lowering of temperature also cannot be explained on such a hypothesis. 

The results can, however, be explained on the hsrpotheids pwt forward 
by Sirkar (1^36) that these lines are due to inter-molecular oscillations in 
groups of associated molecules. It is well known that a particular atomic 
group, present in different molecules, yields IRamms lines of almost idsntk^l 
frequencies in all- the cases, and therefore, it could be expected that the 
benzene ring present in the different ; ipelecales mentioned in TaUe III 
would yield almost the same a«t of lines dtse to intermolecular osciUatiooa 
in ffiesqpd of moledidea. The resoUs givesi in Table HI ewroborate 

sueh • Sfutem^, Muse e^ of these ddbatancea, having different 

. ittoleGid^, yields &se liue^ > 

The frequeimj; ef the -line at 53 maT* inctesees to about 63 cm" on 
witaetituting one ef tbe hydkogen atesns ^ a ><^lontte siooi,^ a GHsCl group 
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or a CHa group. This increase may be due to the fact that the strength of 
the virtual bond between two associated molecules is larger in the case of 
the substituted molecules which are polar than that in the case of the 
benzene molecule. On the other hand, frequency of this line would diminish 
considerably with the substitution of the hydrogen atom in the benzene 
molecule had the line been due to the angular oscillation of the molecule 
about an axis in the plane of the molecule. 

(b) Molecular frequencies 

As regards the frequency-shifts of the lines due to intramolecular 
oscillations the changes, observed with the solidification and with further 
lowering of the temperature of the solid up to about — i8o®C, are larger in the 
case of ethylbenzene than those observed in the case of benzyl chloride. 
Thus in the former case the frequency-shifts of the lines 145, 772, 1000, 1032, 
1055, 1175, 2936 and 3036 cm"* change respectively to 148, 768, 997» 

1052, 1170, 2930 and 3040 cm"* and the line 3064 cm"' splits up into two 
lines at 3050 and 306S cm"' when the liquid is solidified, while in the latter 
case only the lines 134, 681 and 2967 cm"' undergo changes in position 
■with the solidification of the liquid. On further cooling the solid to a 
temperature of —iSo“C, the lines 148, 623, 962, 997, 1030, 1052, 2878, 3040 
and 3068 cm"' of solid ethyl benzene shift to 152, (620, 957, 994, 1027, 1050, 
2860, 3036 and 3060 cm"' respectively and the line 2930 cm"' splits up into 
three ilines at 2925, 2942 and 2957 cm"' respectively. As the line 2878 cm"' 
is due to the C-H oscillation in the CaHs group, it is evident that strength of 
the C-H bond changes considerably with the lowering of temperature of the 
solid. In the case of benzyl chloride, on the other hand, very little change 
takes place in the positions of lines with the lowering of temperature of 
the solid except in the case of the lines 136, 673 and 3065 cm"' which shift 
respectively to 142, 670 and 3060 cm"'. Further, the line 670 cm"' is 
accompanied by a weak satellite at <674 cm"' at — i8o°C. 

These data thus show that the changes taking place in the strength 
of the bonds are different for the two molecules and that the modes of 
oscillations, the frequencies of which are affected by the change of temperature, 
are not identical in the two cases. This may be due to the fact that the 
modes of oscillations which are affected by association of the molecules depend 
on the actual location of the point at which the molecule is associated with 
its neighbour. 

Examinations of the spectrograms reproduced in Plate VI shows that the 
prominent Eaman lines due to single molecules observed in the case of each 
of the two liquids become much sharper when the liquid is solidified. As 
pointed cut in previous papers (Pay, 3950 ; Sirkar & Ray, 1950), these results 
are contradictory to the hypothesis put forward by Bhagavantam (x94z) that 
it is the change of polarisability of the unit cell containing more than one 
molecule which determines the intensity of the Raman line. If such 
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hypothesis would be correct each of the prominent Raman lines would be 
split up into two components, one polarised and another totally depolarised 
in each case- Since no such doubling is observed even at -i8o®C this 
probability of the occurrence of coincidence or opposition of phases of oscilla- 
tion of the molecules in the unit cell is negligible in comparison with that ‘for 
the random oscillation of the single molecules, and the Raman lines are due to 
changes of polarisability iif the single molecule in the crystal. 
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A NOTE ON THE EFFECT OF THE PHOTO-ELECTRIC 
EMISSION FROM THE ELECTRODES ON THE 
RECTIFYING ACTION OF A DISCHARGE 

By V. T. CHIPLONKAR 

« 

{Received for publication, December ii, 1950) 

ABSTRTCT. The effect of the photoelectric emission from one of the electrodes on the 
rectifying effect of a discharge has been quantitatively investigated by using an improved 
dynamic method. The rectification i.s found to be affected to some extent by the onset 
of the emission, but the effect is found to be non-selective, it increases the current during 
one half of the cycle, leaving the current in the other half unaffected. 


The effect of some of the parameters of the discharge, like the nature of the 
gas in the discharge tube, its pressure, the relative areas of the electrodes etc., 
on the rectifying action of a discharge have been reported in some detail by 
tlie author (Chiplonkar 1939, 1941). The method used was to connect a D.C. 
and an A-C., niilliammeter in the earth circuit, the former indicating the 
D.C. component and the latter the total current. It is the object of the 
present paper to report some observations, with an improved and more 
accurate method on the possible role of an important process in the discharge 
tube, viz., the photo-electric emission from the electrodes, in determining 
its rectifying action. The existence of an assymmetric. process occurring 
at only one of the electrodes leads, as we know, to rectification in the plate 
and point rectifier. It was thought, therefore, worthwhile to investigate if 
the presence of the photo-electric emission from one of the electrodes would 
result in a selective action on the part of the discharge, the discharge passing 
with greater ease in one direction than in the other. 

The observations were made with a gas-filled photo-cell (R.C.A. 868) 
The conditions obtaining in this type of cell would not be far different from 
those in ordinary discharge tubes. One electrode consists of a concave 
metal plate, the other is a thin wire placed in front of it. A variable 
A.C. voltage fo-90 Volts) was applied across the cell ; the anode 
being connected to the A.C. source, as shown in Rig. i. The earth current 
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through the cathode was analysed with the help of two diodes and two 
galvanometers (microammeters). The current pattern was also observed on 
a cathode ray oscillograph, by putting the potential drop across part of the 
high resistance, placed in series with the cell, on the vertical plates of the 
C.R.O. When the rectification is absent the currents indicated by J\f , and 
Ms are equal and the pattern on the C.R O. is symmetrical. The presence 
of rectification is shown by unequal readings in M, and and by an 

assymmetry in the C.R.O. pattern. The method is sensitive and enables one 
to evaluate the impendance of the tube ^n the two directions and thus helps 
to determine dynamically in an accurate manner the rectification produced. 

The observations taken are showu in Table I- Readings have been 
taken when the cell is in the dark and next when ex]>osed to light from a 
lamp kept at a fixed distance from it. On incidence of light the P.l). across 
the cell falls ; for the sake of coinpairison the readings obtained in dark and 
in light are shown side by side. The ratification ratio p now gives the value 

of . Complete rectification is obtained for p= 1. 

Ma + M, 


Table I 


In dark 

Under light 

P. D. across 

M, 

M 2 


P D. 

j 

Ml 

nh 

/> 

cell, volts 

divs 

divs 

P 

volts 

divs 

divs 


2.0 

0.00 

1.50 

1. 00 

T.O 

0.00 

1.50 

1 .00 

4.0 

0.25 

1-75 

0.75 

3*0 

0.25 

2.00 

0.77 

6.0 

0.50 

2 00 

().6o 

5*0 

0.50 

2.50 

0.66 

10. 0 

0.50 

3.00 

0 71 

9.0 

0.50 

3*25 

0.73 

20.0 

T.oo 

4 50 

0.63 

17 0 

1 .00 

5*50 

0.60 

30.0 

1-75 

6.50 

0.57 

27.0 

1.75 

7*50 

0.61 

40.0 

^•75 

H . 6 n 

0 5 ^ 

35*0 

2-75 

9 - 5 ^ 

0.5s 

50-0 

4-25 

10.00 

0.40 

46.0 

4*2.5 

1 T.50 

0.45 

60.0 

5.50 

11*75 

0,36 

53*0 

5 75 

^3-50 

0.40 

70.0 

7.00 

13*50 

0.31 

61,0 

7.00 

15.00 

0.36 

80.0 

9.00 

15.00 

0.25 

69.0 

0-00 

16.50 

0 29 

90.0 

11.00 

16.50 

0.20 

79.0 

1 1 . 00 

iS.oo 

0.24 


The effect of the photo-electric emission seems to be merely to 
increase the current during the half of the cycle when the potential on the 
cathode is negative, the current in the positive half of the cycle remains 
unaffected. In the obseivations given above, the rectification, which is 

I 
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initially present, increases in value when the photo-electric emission fakes 
place. For the voltages used, the cell does not function as a rectifier except 
at very low voltages of the order of 0.5 volts. This result has been found 
to be characteristic not only of the photo-cell used above, but is shown by a 
photronic cell, and an ordinary discharge tube when they are used in place 
of the cell. The magnitude of the rectification is found to diminish with 
increasing voltage. There does not appear to be present a selective action 
of a marked magnitude. The observations with the C.R.O confirm the 
general results discussed above. There is assymmetry not only in the posi- 
tions of the peaks but also in the wave-form in the two half cycles ; the 
curve during the positive cycle shows a sharper maximum than that obtained 
during the negative half of the cycle. The double diode arrangement is 
found to be more sensitive than the C.R.O. as far as the quantitative results 
are concerned. Incidentally, these results indicate that the measurement of 
an A.C. current, in circuits where partial rectification effects are obtained 
by means of a rectifier or any other similar type of instrument may not give 
sufficiently detailed information about the current. 

M. N. Courge, Visnagar. 
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ON A METHOD OF STUDYING SMALL-ANGLE 
SCATTERING OF MONOCHROMATIC X-RAYS. 

Bv K. BANERJEE A»D J. C. MAITRA. 

'Received for publication, March z, 1952) 

Plates VII A, B 

ABSTRACT. A method of studying smE^-angle scattering of monochromatic X-rays 
h'is been developed. The blurring effect o^the direct beam is eliminated by leflecting the 
direct beam as well as the scattered one by a ^y.stal oriented at a small deviation from the 
Bragg angle for the characteristic radiatioi^. Out of the scattered beam the ray that is 
ii cident at the Bragg angle for the characteristic wavelength is reflected to an intensity 
comparable with that of the reflected direct beam. By rotating the crystal, variation of 
intensity of the scattered monochromatic radiation with angle of scattering may be studied. 

In recent years the study of very small-angle scattering has come to 
great importance particularly for the study of sizes of crystallites and collo- 
idal particles and structures of macro-molecules. In this communication, 
preliminary results arc presented of a simple method of studying extremely 
low angle scattering of monochromatic X-rays. 

The method consists in the utilisation of the Bragg principle of X-ray 
• reflection to eliminate the incident beam which is the principal disturbing 
factor in the studies of low angle scattering. In Fig. i, represents a 



Fig. I 

narrow X-ray pencil incident on the scatterer S. The direct and the scatter- 
ed beams, represented by SC and SB respectively, are incident on a crystal 
face PQ the latter, which is very close to the former, being incident on the 
csyftel at tlie Bragg angle of reflection for a characteristic radiation from 
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the anticathode. Two reflected rays, HD and CE, will proceed from the 
crystal, BD being due to the characteristic radiation scattered from 
.S and reflected frotn the crystal, and while CE being the L,aue reflection of 
a non-characteristic component of X-ray from the crystal. Since the scatter- 
ed radiation is much weaker than the direct, while on the other hand the 
characteristic radition is for suitable voltage of the X-ray tube much stronger 
than any other component of the white radiation, these two reflected rays 
will generally be of comparable intensities. If S' be the optical image of S 
by reflection at a plane mirror in place of the crystal face, the angle DS'E 
is equal to the angle of scattering BSC. The angle DS'E can be easily 
measured from the distance ED, the inclination of ED to the rays BD or CE 
and the sum of the distances SB and BD. If the slit is moderately fine, the 
Lane reflection is quite sharp and, therefore, does not swamp the monochro- 
matic scattered ray arriving at E even when they are so close as to be just 
short of overlapping. By rotating the crystal through small angles it can be 
set for studying the scattered radiations at different angles and a survey of the 
region of small angle of scattering may be made. The method of eliminating 
the strong direct ray by reflecting the scattered ray under observation by crystal 
underlines also the double crystal spectrometer method used by Fankuchen 
and JelHnek (1945) for the purpose. The intensity in his method necessarily 
becomes feeble due to two reflections, and the operations are much more 
complex. In the above method the same advantage of getting rid of the 
direct beam as well as monochromatisation are attained by one reflection only. 

For the study of low-angle scattering by this method the photographic 
method is the least suited since we can obtain only one angle of scattering 
in one photograph for a characteristic ray. Even taking into account the 
Ka and K 0 emissions from the X-ray tube we obtain two discrete directions 
of scattering for one exposure. The natural method for such studies would, 
therefore, be the ionisation or the counter method. But in this communication 
are presented the results of a preliminary study in which the practicability 
of the method has been investigated by the photographic method A method 
based on the uses of a photo-multiplier tube to measure the intensity of excited 
fluoiescenco is being developed for determining X*ray intensity. A conti- 
nuous record of low-angle scattering intensity may thereby be obtained. 

The X-ray tube used is a Hadding tube in which the voltage can be 
adjusted up to a maximum of 60 PKV. The adjustment is necessary in order 
to control the relative intensities of the monochromatic radiation to that of 
the background white radiation. Thus the orders of intensities of the Eaue 
reflection and the moiiochromatised scattered radiation may be made compa- 
rable. The sht system S is obtained in either of the two ways : (i) by two 
steel rods of semi-circular cross-section with their polished plane faces set 
against each other but separated by thin distance pieces, the end of the slit 
away from the. X-ray tube is widened in order to eliminate diffraction effects 
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Fig. 

a , — ( A ) 

Oscill.itioii photograph 


(A) 

Lauo photograph, rtj ^ for C u K^' 


(C) 


Fig. 

h. (A) 

Oscillation photograph 


(B) 

Lauc photograph, 


(C) 

Oscillation photograph 


(D) 

Lauc photograph, Hj 

Fig. 

L\— M) 

Oscillation photograph 


iB) 

Lauc photograph, for Cu K|S 


(C) 

. for Cu K< 
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of the slit, (2) by using three slits made of double knife-edges of which the 
first two collimate the X-ray beam and the tliird eliminates the rays diffracted 
from the second slit. The rays from the slit falls on the scatterer S and then 
on the calcite crystal PQ set very close to the Bragg angle. In the following 
experiments a slit system of the second type was used without the third slit 
so that the rays diffracted by the second slit were actually studied. The 
photographic film to receive the Reflected rays is mounted on a lever that 
can rotate round an axis that passe# along the surface of the crystal and 
through the point of incidence o^the incident ray on the crystal. The film 
holder is set at right angles to the Ifver so that the reflected rays are recei- 
ved on the film normally. ; 

The distance of the film from tl^e crystal is made much larger than the 
distance of the crystal from the |slit. This is done in order to avoid the 
effect of crystal imperfection or thct|nal diffusion to overlap on the scattered 
radiation that is to be measured. 4 This can easily l)e seen from Fig. 2. 
where the notations have the same significance as in Fig. i, L- being on the 



extension of SC. The scattering angle CD for the diffuse maximum or the 
reflection due to crystal imperfection is very close to zBb where Bb is the Bragg 
angle. If SC — CD, the Bragg focusssng condition is satisfied and the scattered 
ray after reflection at the crystal will pass through D. Consequently, there 
will be overlapping of the two effects. If the photographic film F be 
placed between C and D, the reflection due to crystal imperfection will be 
between the Laue reflection and the reflection of the scattered radiation and 
the separation will not be very clear. When the film lies beyond D, the 
disturbing radiations will lie beyond and will not affect the lines. 

For determining the angle of scattering, the distance between the Laue 
line and the characteristic line can be accurately measured as both of them ate 
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sharp lines on the photographic plates as shown in Plate VII A, Figs a, b, an 
c. For Plate VIIA, though the calcite crystal that was used was a very fine 
crystal, it had polished surfaces and so the extra lines due to crystal imper- 
fection appear prominently as shown in the plates. The other two crystals 
that were tried had cleaved faces. These do not show those extra lines. But 
in any case it is always best to avoid Bragg focusssing position. 

The photographs for the different orientations are shown in Plate VIIB. 
The angle of scattering as determined from the distance between the Laue 
line and the scatteied line are mentioned below’ the photographs. 
Though 6' is the lowest angle that has been measured, it is not difiBcult 
to push the limit further upto about a minute. 

In trying this photographic method for studying the low-angle scattering 
the appearance of the Koc and K/i lines in the same photograph is an advantage 
as it puts cliecks on the intensities of the incident beam for photographs 
with different orientations of the crystal. A thin uniform layer of alumi- 
nium powder dusted on the crystal surface gives a better check as a line of 
standard intensity is present on all the photographs. But in any case there 
is always the possibility of missing important maxima as photographs can 
be taken only in discrete positions. Consequently an ionisation method 
or the photomultiplier method is preferable to the photographic method. 

Indian Association tor the Cultivation of Science, 

Jadavpur, Calcutta 
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THE METHOD OF SHADOW-CASTING 
IN PHOTOMICROGRAPHY 


By D. L. BHATTACHARYA* 

(Received for f nblication, January g, jgj;t) 

, riate VIII 

ABSTRACT. A. (Ji'sctissi m of the a(ha(l )w-ca‘!ttng method in increasiiiR contract of 
unstained biological objects for use in optjt.il inicro.scope i.s presented A calculated quantity 
of silver is deposited on the -specimen at. angle in this technique and e.stimates are made 
for the thickness that can be profital^ly deposited to provide proper opacity and contrast 
Optical mictographs of the protozoa L rk>novani when shadow-cast with different thick- 
ness of silver .are reproduced. 


INTRODUCTION 


The observation of unstained bacteria or protozoa with the usual optical 
microscope requires the closing down of the substage illuminator to a very 
narrow aperture in case of bright field illumination with widely convergent 
light or recourse has to be taken to dark ground illumination. This narrow- 
ing down of condenser aperture decreases the obliquity of the illuminating 
beam and hence increases the contrast of the image against the background 
brightness. The extent to which the condenser iris has to be stopped down 
depends on the opacity and refractive properties of the object imaged- Fot 
micro-organisms, the iris diaphragm may have to be closed down to such an 
extent that diffraction fringes become prominent around the contours which 
tend to spoil the image quality. In any case, the gain in contrast achieved 
by this process of constricting the illumination is at the expense of resolution 
of the instrume nt together with a possible increase in visual discomfort aris- 
ing out of a large decrease in brightness of the microscope field . The usual 
procedure to obvia'e this difficulty is by the use of stains which enhance absorp- 
tion contrast of the image. However, staining methods do not give any idea 
of the surface structure of the organisms, for which purpose other methods 
have to be employed. One of these methods, which has found extensive use 
in electron microscopy, is the shadow -casting technique of Williams and 
Wyckoff (1946). This method is not restricted tb electron microscopy alone 
but can be employed to yield useful information in the case of optical imicro- 
soopy of surfaces (Scott and Wyckoff, 1949). The present paper indicates 
how surface characteristics of unstained protozoa can be obtained by the 
* I. C. M. R. Research Fellow. 



i46 D. L. Bhattacharya 

Employment of shadow-casting technique for enhancing contrast as well aS 
revealing surface details without imposing too much restriction on the aper- 
ture of illumination- 

Briefly, the method of shadow-casting consists of depositing a thin film of 
metal on the specimen at an angle and then observing it in the microscope. 
The specimen is placed in an evacuated chamber and the metal is evaporated 
from a hot tungsten coil situated at a suitable distance from the specimen. 
With a sufficiently good vacuum, the metal atoms proceed in straight lines and 
condense on the specimen from an angle. A deposit of heavy metal thus 
builds up on the exposed side of the specimen and "radiation shadows free 
from metal are jiroduced in the background behind high details. Due to the 
obliquity of the beam, the condensed metal film is of varying thickness over 
the surface according to the heights of the surface irregularities and these 
become prominent in the micrograph which presents a three dimensional appea- 
tance together with an increase in the contrast of the image. Further, 
from the length of the shadows and the geometry of the experimental arrange- 
ment, the average height of the specimen and also differences in surface 
elevation can be estimated. In the present paper, the conditions for an 
optimum deposit of metal have been discussed with particular reference to the 
parasite Leishmania Donovani (flagellate state) and photo-micrographs of the 
organism shadow-cast with silver have been obtained. 

THICKNESS 0 1» SHADOWED FIDM OF METAL 
AND CONSIDERATIONS OF CONTRAST 

The technique of shadow -casting is essentially similar for optical as well 
as electron microscopy. The difference lies only in the nature and amount of 
metal used. The nature of metal selected for shadowing in electron microscojiy 
is primarily determined by the absence of structure in the shadow-cast film 
and considerations of electron scattering power. Very thin films, with thick- 
ness of the order of lo A. U. are usually required (Drummond, 1949) for 
electron microscopy. As light has greater penetrating power than electrons, 
the metal coating can be made thicker for optical microscopy and since the 
structure present in the shadowed -film is not of primary importance here, metals 
like silver, which are easily evaporated, can be used. The amount of silver 
that can be deposited without appreciable restriction of the available illumina- 
tion can be estimated as follows. 

The theory of passage of plane electro-magnetic wave through a 
homogeneons, isotropic absorbing medium shows that if Iq is the intensity 
of the incident radiation, the intensity I after travelling a distance i 
through the medium is given by 

... (r) 

where A is the wavelength of incident light in vacuum and fe is the ex- 
tinction coefficient determining absorption in the metal. For silver, = 3,638 
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for the P-laoe of sodium (A5893 A.) as determined by Minor ^1903). Assu* 
ming“’this valiK of k, the variation of transparency of silver films, i.e the ratio 
‘T/fo with thickness i, has been calculated from equation (i) and plotted in 
I^ig. I. This curve is strictly applicable only for the D-line of sodium and 



■for silver films, as k in equation (i) varies with wavelength and nature of the 
metal. However, the variation of k with A for silver in the visible region is 
not very great and the conclusions that follow are applicable approximately 

to the whole of visible spectrum. 

To deduce the maximum limit for the thickness of silver that can be 
^-deposited, we define a ‘ depth of penetration’. This is the thickness tm 
which reduces light intensity by the factor that is, the amplitude is 

reduced by a factor From (x), we immediately get tm— z “ 1600 A.U. 

ft 

This is the thickness of silver that will reduce incident intensity by about 
3.5 X lo"'® and will thus screen off all transmisson in the visible region. 

Another definition which is useful is the ^penetration thickness' 8 in 

which the light intensity drops to - th of its inital value. From equation (i) 

e 

•we get 

S=A/4„k =129 A.U. ... (2) 

Uet us now^suppose that a specimen of height h and width b mounted on 
a slide is shadowed obliquely by evaporation of metal placed at M, the sha- 
dowing beam striking the slide at ah angle « iFig. 2) For consideration of 
metal deposit we may consider three regions : (a) specimen surface of area h.b 

7-X77SP-3 ’ 
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facing the beam, (b) regions"©! shadow cast by the specimen and (c) open* 
portions of the slide exposed to the beam and away from all obstmctioM. 

Let r cm be the distance of the source from the slide, r may be considered! 
approximately constant over the slide, provided it is located at a sufiEicient 
distance away. 

The solid angle subtended by the exposed side of the specimen at the- 
source is then h. b. cos cx/r^ and since M/47T is the mass of metal (in grams)' 
evaporated per unit solid angle, the amount deposited on the specimen is- 

, The thickness in in A. TJ. that is built up on the exposed 

477 T 

side of the specimen is then given by 


tD = 


M cos o( 
4nr*p 


X lO* 


where p is density of metal in gms/cm*. 


(3) 


It is usual to include a factor of 3/4 from considerations of efiSciency of 
evaporation, so that in actual case (3) becomes 


4 4"‘r P 


X 10* A.U. 


(4)' 


For the region (c), which constitutes the background, we get from similar 
considerations the thickness Ib of metal as 


<B = 


4 ‘ 


M sin K 

4ffT®p 


X 10* A.U. 


(5) 


If the specimen is of length I, then the top of the specimen of area 1 . b 
will be covered with the thickness /b of metal. 


The region (b) behind high details will be the shadow region completely 
free from metal. The length of shadow V is then given by the relation. 

I'=Hcota ... (5), 

and is measured perpendicularly to the surface in consideration. 

Uet us now make the following assumptions : (a) The specimen' 
contains details which can be resolved by the optical microscope. Thus- 
the minimum height of a surface irregularity can be taken to be 0.2/*, which 
is the resolving power of the microscope for visible . radiation A5550 A. 
and (b) the specimen has got no appr^iable absorption for light rays 
which implies that the unshadowed object has got negligible contrast. 

Contrast of the object is only brought about by absorption in the shadowed' 
silver film. 

Now, the contrast g of an object against its surroundings is defined . 
by the relation 
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where B© is the brightness of the background and B is the brightness of the 
object. This holds for visual observation only. In case of photographic 
image, the B’s are replaced by transmission of the different parts of the 
negative, the transparency ratio in a photographic, negative corresponding 
to a brightness ratio in the subject being given by the lelation 



where 7 is obtained from the stfaight portion of the H and D characteristic 
of the negative material where le densities are assumed to lie. T and T© 
are respectively the transparencie of the light and dense portions of the 
negative. Expression (8) imme< itely shows that a detail invisible to the 
eye can show up in the negative, the gamma-value of a process panchro- 
matic plate can be as great as (.0. In microscopy, the field brightness 
is usually about 1000 candles/cm“ At this level of illumination, the contrast 
sensitivity of the average human sye is approximately 10 per cent which 
means that two contiguous area; with brightness difference of zo per cent 
can just be perceptible. Accordingly, we assume the minimum perceptible 
contrast to be 10 per cent and from Fig. 2 we find that if the film thickness 



Shadowing at an otiigue angtm. 

Fig. 2 

is reduced below about 13 A. U., the contrast between a shadow and the 
contiguous area will be less than 10 per cent and the shadows will be 
indistinguishable from the background. Assuming a usual gamma-value 
of unity, this then will be the minimum value of film thickness for visual 
as well as photographic records. 

We thus see that enhancement of contrast of objects can be brought 
about by silver shadowing over wide limits. For example, for a thickness 
4=130 A. U. the contrast is found to be 63.2 per cent, which increases 
still further as 4 is increased. 

Again, the contrast between a specimen detail of height h facing the 
beam and its immediately contiguotis background is given by the relation 


£S 




Ib 


-hfS 


(9) 
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where Ib i» the intensity transmitted by the background whidi 
ia and Js is the intensity transmitted through a thin film ntf 
k deposited at a thickness t, on the specimen, given by 

where i 4 = J ^ Since B for silver is only 130 A. U., and the specimen 
4jrr> 

is, ^nssumed to be not less than 0.2 fi or 2000 A. U. ^high, we get 
ws i — e~^*, which shows that the object has nearly cent per cent contrast' 
against the background. Thus there appears to be no difficulty vising 
from image contrast in silver shadowed objects and the substage itis can 
always be adjusted to the optimum value for critical microscc^py. Since 
silver shadowing and the resulting deposit of silver on the side of the dbjed.^ 
facing the beam will produce a modification of dimension on one ss^^ 
which for a given film thickness t is ^ /I cos a, the film thickness' liias 
to be adjusted to as small a value as is compatible with adequate shadow 
contrast. The contrast of the image against its shadow is given by 
s»i — and as we found earlier, for gt^o.i, A sin « shculd not 
be less than 13 A. U. The contrast increases as A sin «, which can be 
seen from the attached micrographs of L. Donovain (Plate VIII). A limit to 
the increase in A sin o( can be put by adopting a minimum for the thickness 
of the shadowing layer tg. If we define this thickness to be of such 
magnitude that it must not alter the actual dimension by more than 10 
per cent, we at once find that a 0.2 ft specimen is not to have a coating 
more than 200 A. U. thick on its exposed side. Changing a from tan”' 4 
to tan”*^ we find that the background depth in ranges from 100 A. U. to 




, 0. respectively and the shadow contts^st then ranges from 55 to a 
mom than 35 per cent. Shadowing considerations lor dscidigg 
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PLATE VIII 



(fl) 


ih) 


U) 



id) 


(e) 


(f) 


All the photomicrographs of L. Donovani were taken with Leitz Panphot camera 
Horoscope using their V 2 ” objective with numerical aperture 130. The magnification of 
11 figures is 1830 X. All the specimens except that of Fig. a were fixed in osmic acid and 
jhsequently washed with water prior to shadow-casting. 

Fig. a. L. D. flagellate stained with Leishman’s stain ; unshadowed. 

Fig. h. L. D. flagellate shadow-cast with silver. Computed thickness 50 A. U. 



at an angle of tan ' ‘ J • 

Fig. c. 

Do. 

Computed thickness 112 A.U. at tan'’ i 

Fig. d. 

Do. 

Computed thickness 200 A.U. at tan ’ 1 

Fig. e. 

Do. 

Computed thickness 250 A.U. at tan ’ 

% f. 

Do. 

Computed thickness 330 A.U. at tan ’ ' 



The Method of in Phokmiicrography f5l 

-4 sin « for optical microscopjr shonld be maide within these limits. For 
angles o( not greater than sin a can be replaced by tan <x and a curve 
like Fig. a plotted from equation (5) will be helpful in obtaining any 
of the four quantities when the other three are fixed. 

The above.' d^uss.on indicates a thickness of 50- 100 A.U. of silver at 
angles « from tan“* i to tan”M as useful for routine shadowing of specimens 
which are suspected to possess surface Irregularities. For the visualisation 
qI low detailsi long shadows are useful ^ut since any given specimen for 
optical microscopy will, in general, con|tin details with variable heights, the 
possibility of overlapping of these shadlws must be borne in mind when 
shadowing at very oblique angles. | 

should subtend as small a solid 
hat the condition of a point source 
approximated. This implies that 
small as possible and the distance of 
the spcimen from the source as large| as possible. Further, devices for 
measuring the angle oc with reasonable accuracy have to be provided. 
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For quantitative work, the sourc 
angle at the specimen as possible so 
assumed in the calculation of thickness 
the source of metaJ has to be made ai 
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DYNAMICS OF THE VIBRATION OF A BAR EXCITED BY 
THE LONGITUDINAL IMPACT OF AN ELASTIC LOAD 

By M. GHOSH ^nd S. K. GHOSH 

I 

{Received for publiSution, October to, 1950) 

ABSTRACT. Dynamics of the vibraticii uf a bar excited by longitadinsl impact by 
an elastic load has been worked out, foll^ing operational method. The main idea upon 
which the dynamics is built up is that the ba# behaves like a loaded bar so long the load 
is in contact with it, and the elastic load is supposed to behave like a hard load backed by 
a weightless spring. Two distinct cases haye been worked out from the general solution, 
namely, (i* when the load strikes the free et4l, and (ii) when the load strikes the fixed end 
of the bar. The method gives the solution ibr any epoch very easily, unlike the method of 
the variation of intigration constant where s^ution for any particular epoch can be obtained 
after a long laborious calculation. 

INTRODUCTION 

The theory of the extensional vibration of a bar excited by the impact 
of a rigid load has been worked out by a number of workers (Boussinesq, 
1885). Ghosh (1935) extended the case, applying the same method, for an 
elastic load struck at the free end of a bar, the other end being fixed. Later 
Ghosh and Dhar (1930) woiked out the case for a bar shuck at the fixed end 
by an elastic load, the other end remaining free. But the method appears 
to be a lengthy one. 

In this paper we solve the general problem of the extensional vibration 
of a bar excited by the impact of an elastic load in a simpler way using the 
powerful operational method in a similar way as adopted by Ghosh (1938, 
1939, 1940, 1941) in solving the general problem of pianoforte string. 

In solving the problem we assume that the bar behaves like a loaded 
one so long as the load is in contact, and the elastic load is supposed 
to behave like a hard load backed by weightless spring. 

We consider in section I the case when the load strikes at the free end 
of the bar, the other end being fixed and in section 11 when the load strikes as 
the fixed end. 

Explanation of the symbols used 

I = Length of tte bar. 

f= Variable time. 

Variable length, measured along the length of the bar. the bar being 
fixed at s=o and struck at s=l (in sec. I). But in sec. II, the bar is 
fixed at r *» i and struck at s = i. , 
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w = Displacement at any section of the bar. 
wi = Displacement at the struck point, 
paa Linear density ol the bar. 
a = Area of the cross-section of the bar. 

JEi« Young’s modulus of the material of the bar. 
m**Mass of the load. 

JEa’^^Blastic constant of the material of the load 
c = Velocity of the longitudinal wave propagation along the bar. 
^i = 2//c = Period of the free vibration of the bar. 

in—t — n&i ; 

Vo = Velocity of impact. 

J — mvo 

M = Compression of the load, 
a = w j + u =“ Displacement of the load. 

P= Pressure exerted by the load. 

D = Operator d/dt. 

The differential equation of the extensional vibration is 


which is equivalent to 


d’‘w _ 2 
d*TO _ d“ 


(l) 

(r.i) 


where and 5 is measured from the fixed end of the bar, w, the 

longitudinal displacement. * 

The elastic hammer strikes at s = and let wi be the displacement at the 
struck point. 

The solution of eqn. (i) is, in general, of the form. 


w = A sinh +B cosh — ^ 
c c 

The pressure P exerted by the load is given by 


where 



Z — Wt + u 


(z'i 

^3) 

4) 


Section I 


The terminal conditions are ; w = o at s = o and w = wi at s = l 
reduces equation (a) to 


This 



sinh 


Ds 


W~W t' 


sinh 


Dl 


is') 
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Now with the help of eqns. (4) and {5), eqns. (3) and (4) can be written 
in the form. 




«iD* + 


~ D coth^ 
c C 


wi + mD^u — JD 


( 6 ) 


and • mD^wi + imD’ + Ei)u — JD. (7) 

Now replacing' JD by mvo and ||olviug the simultaneous equations (6) and 
(7) for wi and u, j 

we get 


Wi = 


and 


V.D, 

I Ei« „ .uDl 

“ vT-i-rA r 

F(D)| E^c c 


( 8 ) 


^ 9 ) 


where F(D)-D+ | ^ + ^ 




me 


Icoth 


Dl 


Also combining (8) and (q) 


u — -~i — coth — Div I 
ViaC c 

= - coth- w t 
EiC c 


(8.1) 

(q*) 

(9-2) 


In our case the load strikes at the free end at £ — i so that. 


WSSW JLV/CSVJL CAV V>AJ 

F{D)-D -t = 

\EjiC me J c {q-^p)(i — i 


Therefore from eq. (8) 

Wi 


(s±p^_c:^% y 

D1D3 [ j DtD2 


) 2'q-*:P)D _ I 
) D,D2 

(10) 

(11) 


E^^ T\ I 1^2 


Z?»Z?a=(r> + g)(Z) + ^)sD*+^^ £> + 

EiOH m 


where 

and — g and — /> are the roots of the eq. DiDa — o and are given by 


D^D2 I I D.Da 

(q + P)D _( 2 (g -«-j>)D _^'\L ~iD6t 

DtD, ' \ tfxDa ' ^ 




eq. (ii) 
wt 


te 


Vo 


(X2.Xl 
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r (q + P) ^ + P)* D _ 2(q + P) I “Dd, 

“ l-fer 1 ivo .* D,i>. I 

^j4(g + />)*£>* ._ eiq + pyp ■ 2 ^q + P) I 
) D,*D? r>,W I 


-D<?. 


Ufo + ^)^D‘' T6fQ + /^)''i?'v. io(g + j?)^ r> _ 2 lg + P) 

"■ ) ■ d/dT' PiW 1 

, + 2 fn + i)(q + j>)"D"-* ^ _ + « + 

+ + + ...+< 

rvrr +»-’c’ \ - 

+ t I J V C /• ^ — 1 / jj ft — r + 1 


+ ( _ I «« - t-^i L — o *- 
D^D, ) 


To 


<12 - ' 


— flU) + 2/a<<l) ”2/l(<l) +4 /s(<2) "'6/2</-2) + zfliti) +8/4i<s) — i6/s(< 3) + lo/gC/s) 

-2/i(<») + + . . - + 2 "/« + i(<*i)-2“”Mn + !)/„(<„) . . . +(-)l’'("Cr 

+ ”-’ Cr - i ) 2 ""’'/«-r + i(<«)+ . . . + (-l)"2y, (<„) ••. (l2*3) 

The values of these functions are (Ghosh, 1938. ) 

Case I 


When 


/ LV 4Ea . 


7 


[i. ... 

+ + A + />ii) J Uaa.si 


(12a l) 


. (120.3) 


/ n.- fQ+prp''"' 

/»'<) nwr)** ** 




IWIfr) ^ ' 'O «> l„-r)l 


«std soim : 
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where 


A-^. 

p-q 

C^se 11 

When 

1 Eac\i 

and 

fi ^t) = 

ii 

+ ^ 

M 

0 

II ^ 




T)i = Da^D+ q. 
J?2«.|i-e-»'(i + qn 

q 


4q‘D ,-De.±^ Cl'‘ {‘iM 

facial 


'. Sq^D\ g_2Dtf. Svoe -- 1*- 


w+qy 


iqtiy 

4 ! 5 ! 


... fi 2 b.i) 

(12b. 2) 

... (126.3) 


etc., etc. 




n +2 




an — 2 


... (i26.n) 


Case III 


When ( V < both and g are complex quantities, from 

\EiO<. ) m ‘ 


eqn. (ii.i) [q, = 

where, 




Now putting these values of q and p in eqns. i2a.i ; 130.2, etc 
we have. 


f,{t) = ^-Vo 


fl^ + V^ >J ft? + V* 


— ^ e~^* sin {vt+ tan"' - 




"i). 


hiti) ~^^Ve e""*' [sin cos vt,] 


(l2C.l) 

... (13c. 2) 


/.«») 


e“'‘**^v'M* + v* |v*<2* sin 


in|vf 2 -tan“’ 

1 


+ vf cos 


+ M| 2 vfa cosvf; 
and' SO on. These are similar to those obtained by Ghosh 


a-3 sin vfalj 


(I 3 C. 3 ) 



M, Ghosh and JfC. Ghosh 


tSB 

Case IV 


£,«oo, here u = o, hence, = Q~ + — — r and A — i, ^®“o. 

Vtil 


where. 


_ 


Q 

Q ' 


• •• 

(l2(i.2) 
... (xzd.i) 


and so on .* 

The displacement at the struck point during contact in different intervals can 
be obtained easily from eqn. (12.3). 


Thus, during 
during 

during 
and so on. 


o < / < e, ; 

'it! 1 = flit), 

< f <C 2^1 

'Wi—fAt), +2fi(ti) — 2fi(ti)i 

^ 0 ^ </< 3 ®x 

W j — fi(i) + s/a^^i) ■“ 2/1 (ti) + 4f»(^2) “"6/a(ta) 


The pressure exerted by the load is numerically equal to i^a.w which, 
by the help of eqn. (9.2), is given by 

P=-^— Coth .wt'- 


= ^|n-2C-®‘’' + 2C-2»«- + 2e-’’®«‘ + ... + ...}wi' ... (13) 

The eqn. (13) by the help of (12.3) can be written as, 

P«"^[//(0 + 2/,'U,)+4/.'(ia) ~2/a'(ta) +SfJ its) Sh’ih) 

+ 2 fz(t 3 ) + + J ... (14) 

So, neglecting the sign for the time being (as P^^E^u), we get, the 
expression for pressures at different intervals. 




... (z4.r), 
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P»=Pi+ h'(t^) 

C 


••• (14*2) 


■ (14-3) 


P3 = P,+ ... (14.3) 

P 4 = P»+ [AfJ(t»)- 4 h'ih) + f2'it,)’j^ ... (14.4) 


and so on : 

These pressures may be calclilated in the different cases mentioned 
above. * 

Case I 

Combining (14.1) with the fiist differential of (raa.i) we get, 

P, = pvolA(e -^‘ ... (15.1I 

In a like manner, I 

Pii = Pi-*- 2pvocA^[e~^'‘(A — (A +pti)] ... (15.2) 

Pa = Pa + 2pVccA^[e~^*’{Aq^t'^z~'Qta(3^’‘ + .nl — l) — 3.(4*} 

-e-^^-{ApH^^-ph( 2 A + i) + zA^(A + 2 )]'\ ... (15.3) 

and so on : 

Case II 

Similarly, combining ^14.1) with the first differential of (i2b.i; we 


Pi — zpvoce ; 


In a like manner. 


: = P.+8/.r„ce-.'.| I 

P 3 = Pa + 8 pvoCe- 9 *-[ - 5 . 

L 2 ! 3 ! 


_ C + 8 - A 

^‘3! ‘4! 5 * 


^15.4) 


(15. 5) 


^15.6) 


\=Pa'^Spvoce-r>*‘ -9. 

21 3 ! 


,_,o tg/*)** _-g 
+ 48. — 16. — 


' 15 - 7 ) 


and so on : 
Case III 


When 


I ^ \ 
\Ei<k) 


tn 


We get, before, combining eqn. (14. i)' with the first differential of 
(lac.i) 

Pi« 3 PT>oC/*c“^*sin Vi ^ ... (15.8) 
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In a like manner, 


Pa = Pi + 4P‘VoC^ + cos ^vti-tan"* viij ... (i5-9) 

d I ^4 

P;i — Pa + 4PVoC^ <3/^^- - 2 fAv‘lg + v^) sin vl^ 

-~2(2VfPta + f^v-bv^ti) COS vf2+ »/ fiU) sin (vig — tan“* - ) 

H — fit^ + li cos (vij — tan“* “ ••• (^ 6 ) 

and so on. 

Case IV 

Ez — ^, i.e., in the case of hard load, combining (14. i) with the first 
differential co-efficient of id.i), 

we get, Pi^pv^ce~ 9 ^ ... (16.1) 

In a like manner. 


and so on 


Pz — Pi + 2pvoce~^*‘ (i — qti'^ 

Pa — Pa + 2 pVoCe~^*’ — 24^2 — 3) 

Section IT 


... (16.2) 

... (16.3) 


Here the terminal condition at s = o is =0 for all values of t, and at 

as 

s — l, the terminal condition is the equation of motion of the striking body. 
With help of the above terminal conditions eqn. (2) becomes 


u Ds 
cosh — 


W = Wi 


r Dl 
cosh — 


... {17) 


with the help of cqns. (4) and (17) eqns. (3) and (4) can be written in the 
form j~w 2 ?® -H P tanh ^ Wi+mD^u^JD ... (iS) 


^ 


VI 

— w 
c 


+ ~ P tanh — tp I + wP®tt = /P ... (iS) 


wP®TO I 4 - (,wiP® -t- Ez)u— JD 


... (19) 


Now replacing JD by mvo and solving the simultaneous equations 
(18) and (19) for w, and u, w’e get. 


F(P) 

«- ^ * 1 Dl 

"-TW) - 


... (ao) 


... (ax) 
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where F{D) = D + ( ) tanh ^ 

y iiaC me J c 

Also combining (20) and (21) 

_ £ 1 “ . , Dl 

u — =; — tanh — Dwi 
haC c 


(22) 

... (22.1) 


£,« .. 1 Dl , 

= — tanh I 

EaC « 


From cqn. (22) 

£(!?) = 


DJ?a 


iq + p)(i + 

Therefore, from eqn. (20) 


I- 1 


zDiq 4 - p) 
DtLK ' I 


j 


W I 


_ 'g + p)ir + -(r- 2 D(g+P)\ 

dTdI I D,Da J 


where, 

and —g, —p are the roots of the eqn. DiDa — o 

and are given by 
From eqn. (24) 

L»P 1 — 

r *“ DOt 


E2C 


E, 


-1 

'Vo 


R m 


f Eac' 


\ E,^ 

/ m 


7V 


(22,3) 


(23) 


(24) 


. j 8(q + p)‘D^ _ i6iy‘‘{q + p'r ioD(g + p} _ 4 . . . 


^ <g + P) , ) 2 - 2 F>(g + P) ( 
* D^Da [ ) D.Da S 


j 4(Q + prD^ _ 6Djg_+ P) , _ L- s 

j D,Da f 

I 

\ 


(25) 


~/i (0 — 2 /a(^i) + 2/1 (fi) + 4/3 ^^2) 6 fa{t 3 ) + 2/i (^a) 

-SfM + l6Uita)-lof.M + 2fiih') + + ••• ( 26 ) 

The values of these functions, however, are the same as those derived in 
section I. 

Further, the displacement equation shows, that the wave train does 
not return after reflection, as shown by the second term of eqn. (27) below. 

The pressure exerted by the load is numerically equal to £»« and 
given by eqn. (21.2) as, 


£,a - - Dl r 

tanh — wi 
c c 



/ 

I 


• • • 


^27) 


2 — 1778P— 4 
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Eqti. ^27) with the help of eqn. '26' can be written as 


.-H.x 




2fiiti) +4/s'^^2J - 2f2'(ta) + 


.... (28) 


The pressure equation shows that it terminates during the first interval 
only and can be evaluated for all the three cases with the help of the values 
of q and p. Thus pressure during the interval, 


o < i <$1 


Pi = pcvoA{c~^* — c'P' ), where 

p-q 

By studying the pressure functions from eqns. (14) and (15) it can be 
easily shown that when pressure increases by sudden jump in 

magnitude £,avo/c at t = o, whence it falls down slowly to a minimum value 
till at t — zljc the pressure again rises suddenly in magnitude Ei^-volc. This 
process continues with the sudden rise of pressure in magnitudes Ei^Volc at 
t = o, 2ljc, 4l/c, etc. till the impact terminates. 

But in the case when Ea^o, we find that this discontinuous periodic rise 
of pressure as obtained when £2 = ®®, gradually lose their sharp angularities 
and well-rounded humps appear instead. As the value of Ea is diminished, 
the humps become less and less pronounced and vve find that the duration 
of contact gradually increases as the hardness of the striking hammer 
gradually decreases. 

In the second case when the load strikes at the fixed end, the pressure 
for £3 = 00 suddenly rises by the same magnitude Ei'^Vofc at i = o and termi- 
nates at al/c. But when £3*5^0, pressure continuously increases, attains 
a maximum value and then gradually falls to zero. The duration of 
contact in this case is found to be greater than al/c ; but in case of small 
value of £3 i.e., for light and soft load, duration of contact is found to be less 
than aZ/c. The exj^erimental study of the problem is in progress and will be 
published in due course. 

Physicai, I^aboratokv 
City Courge, 

Carcutta. 
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DIELECTRIC PROPERTIES OF SALT SOLUTIONS 
AT ULTRA-HIGH FREQUENCIES 

Bv RAMU SATVANARAYANA and S. R. KHASTGTR 

(Received for publicat^n, November xj, /950) 

ABSTRACT The dielectric properties 0^1) sodium chloride (2) magnesium chloride 
(3' potassium chloride and f4) copper sulphate fclukions over a range of ultra-high frequencies 
(60- no Mc/s) were studied by employing a |echer.wire system terminating at the input 
end by a condenser filled with each of th^solutions. The length of the Lecher-wire was 
adjusted for maximum voltage across the ixperimental condenser with the help of a 
valve-detector unit. | 

Uhe dielectric constant of the solutions v^s found to increase, attaining a saturation 
value at a particular concentration io.4—o.6ili), except in the case of copper sulphate 
solution. f 

The ultra-high frequency absorption in ea^ of the four salt solutions was studied by 
draw ing the space-resonance curves with different concentrations of the salt solution. Ab- 
.sorption curves were then drawn by plotting the values of the wddth of resonance against 
concentration for several frequencies in the case of sodium chloride solution and 
for one frequency in the case of the other solutions. From these absorption curves, the 
frequencies of the maximum absorption for certain concentrations in the case of sodium 
chloride solution were found. From the observed values of the frequencies of maximum 
absorption the relaxation times were determined for these concentrations by applying 
Debye’s formula. Relaxation time for a particular concentration of each of the other tlnee 
‘•-olutions was also .similarly obtained. The values of the product of the wavelength correa- 
ponding to the maximum absorption and the normality of the .solution, expressed in 
gram-equivalents per litre, have l>een found to be constant which agree well with 
the values obtained by other workers. With the values of relaxation time obtained 
from the absorption data, Debye’. s dispersion, absorption and loss-tangent curves have been 
drawn for each of the four solutions. The values of relaxation time were also computed 
from Debye-Falkenhagen formula for comparison. In the case of copper sulphate, there 
was discrepancy. 

The values of the high-frequency electrical conductivity of sedium chloride have also 
been calculated for different concentrations for three different frequencies within the ex- 
perimental range. 


INTRODUCTION 

As a large part of wireless communication is conducted over the seas, 
tti€ study of dielectric properties of seawater is of considerable importance 
for radio communications. From theoretical aspects also, the subject is 
worthy of systematic investigations. Experiments were therefore, under- 
taken by various workers for finding the dielectric properties of sea-water. 

As early as 1907 the electrical conductivity of different samples of 
sea*water was measured by Hill (1907) in the audio-frequency range and 
later by Van der Pol (xpiS), in the range of low and medium frequencies. 
Dryadale (1920), studied the dielectric behaviour of sea- water up to a 
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frequency of i Mc/s and Smith-Rose { 1933-34) carried out similar measure- 
ments up to lo Mc/s 

Sea-water mostly contains sodium chloride solutions in water ana tne 
salt-content varies from about 0.2 to about 3%- It also contains other salts 
in smaller quantities, viz., potassium chloride, magnesium chloride etc. 
(Dors, 1940). The dielectric behaviour of these salt solutions was also studi- 
ed experimentally by different workers. Drake, Pierce and Dow (1930) 
measured the dielectric properties of potassium chloride solution at lower 
frequencies. Cooper {1946; measured the dielectric properties of sodium 
chloride solution over a frequency of 0.95 — 13 Mc/s and 690 — 4320 Mc/s. 
Some accurate, measurements of the absorption coefficients of common salt 
in solution were made by Saxton and Dane (1947) for very high radio frequen 
cies. The absorption and other associated properties of some salt solutions 
that compose average sea water were also studied recently by Chatterjee 
and Sreekantan (1948; in India over a frequency range of 300-500 Mc/s. 
An optical method was adopted in their w'ork and the percentage of absorp- 
tion of ultra-high frequency waves in these solutions as found for 
different concentrations over the experimental range of frequencies. Attenua- 
tion coefficients and hence absorption indices w'ere calculated for different 
frequencies for certain fixed dilutions. Several other associated properties, 
e. g., relaxation time, dielectric constant, loss-tangent value, dipole-conduc- 
tivity, etc. were also calculated from the aKsorptiou data for these solutions. 

In the present work, the dielectric properties of sodium chloride, 
potassium chloride, magnesium chloride and copper sulphate solutions were 
investigated for a range of concentrations from o to 3% with ultra-high 
frequency fields ranging from about 90 Mc/s to no Mc/s. Regarding the 
effective dielectric constants of the solutions, no attempt was made to find 
their absolute values. Only a qualitative study of the variation of the die- 
lectric constant of the different solutions with concentration was made for 
different frequencies within the experimental range. Within the same fre- 
quency range, measurements were made of H.F. absorption in water and in 
the different solutions. These absorption measurements were carried out 
for varying concentrations by keeping frequency constant and the results 
have been theoretically examined. The relaxation times have been compu- 
ted from these absorption data, and with these computed values, the dielectric 
constant and the absorption coefficient have been obtained from the 
dispersion and absorption formulae of Debye. 

An expression for the H.F. electrical conductivity has been obtained in 
terms of absorption and its values have been obtained in the case of sodium 
chloride for different concentrations and for some fixed frequencies. 

EXPERIMENTAL PROCEDURE 

The Decher-wire method was employed in studying the dielectric pro- 
perties of the different salt solutions, viz. sodium chloride, magnesium <dik>» 
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ride, potassium chloride, and copper sulphate for a range of ultra-high 
frequencies. The experimental arrangement consisted of a pair of I,echer 
wires terminating at the generator end by a parallel-plate condenser inside a 
glass receptacle for containing water or any solution as dielectric between 



' (b) 

Fig. I 

(a) Ivcchcr^wire arrangement 

(b) Detector unit 

(c) Short-circnting bridge. 

the plates. When ultra-high frequency voltage was applied to the input end 
of the lyeclier-wire system and standing waves were produced, the position 
of a potential node was obtained by sliding a short-circuiting bridge to-and- 
fro along the wires till the voltage across the terminal condenser as indi- 
cated by a suitable valve-detector unit was maximum* 

DIBLEOTRIC CONSTANT VARIATIONS WITH 

CONCENTRATION 

The length I of the Lecher wire ias measured from the generator endj 
was first adjusted for resonance with air in the experimental condenser. 
When water or any solution was introduced in the experimental condenser, the 
length V, when adjusted for resonance, was found to be shorter than the pre- 
vious length 1 . The shortening indicated an increase of dielectric constant 
of the medium inside the condenser. The shift of lesonance point was noted 
for different concentrations (o — 3%) for each of the four salt solutions under 
examination. In the case of sodium chloride solution, five different frequen- 
cies from 63 Mc/sto no Mc/s were tried, while for other solutions, the 

* It should be noted that the condition, for maximum voltage across the terminal 
condenser was the same as that for current ^resonance. The voltage-resonance adjustment 
was not only found convenient but also extremely useful, as it was possible to eliminate 
any conductivity effect across the experimental condenser. It is well known that the 
value necessary for ‘maximum voltage across the condenser should be independent of 
the conductivity or leakage across the same. 
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variation of the shift of resonance with concentration was studied for only 
one frequency within the experinu-ntal range. 


H.F. ABvSORPTION MRASURlSMENTv*^ 

The study of the H.F. absorption iu water and in the difiFerent solutions 
was done by drawing the space -resonance curves with pure water, and with 
different amounts ot salts dissolved in it. The “sharpness” or “flatness*' of 
resonance obtained with water or any solution was then measured by noting 
the distance between two points on either side of the resonance point on the 
Lecher wire, giving currents i/ v^2 times the current at resonance. 

Keeping the frequency of oscillation fixed, the width of reso- 
nance, as a measure of H.F. absorption, was measured from each of the 
space-1 esonance curves obtained with the solutions of different concenti aliens 
from o to 3%. With sodium chloride solution, fresh sets of observations 
were made for different frequencies within the range under investigation. 
Measurements were made with one frequency only for the other solutions. 

The values of H/F electrical conductivity were determined from the 
absorption data in the case of sodium chloride solution for different concen- 
trations 0 — 3%) for three fixed frequencies in the manner described in 
the next section. 


THEORY or THE METHOD OF MEASURING T H E 
H.r. ELECTRICAL CONDUCTIVITY OF WATER 
AND THE salt SOLUTIONS 

The measurement of the H.F. electrical conductivity of the liquid 
between the plates inside the cell is possible by determining the attenuation 
constants of a Lecher wire system (i) when there is between the 
plates of the terminal condenser and (2) when the liquid (water or any 
solution) is there as the dielectric. The attenuation constant ex® in the first 
case is easily obtained from 


where R is the H.F. resistance per unit length and Zo the surge-impedence 
of the Lecher system . The resistance R per unit length can be determined 
from 


R 


I 

\ 


R,o» 

I -(d/a)® 


(2) 


where Ro denotes the direct-current resistance per unit length f the parallel 
wires, d the diameter of the wires and a the spacing. The units in (2) are in 
c.m.c.g.s. units. The surge-impedence is obtained from 


Zo (ohms) * 276 logxo^y 

d 


- (3) 
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The attenuation constant «, in the second case when water or any solution 
is inside the terminal condenser of the Lecher-wire system, can be determined 
in the following manner. 


With the liquid inside the experimental condenser there will be a leakage 
of resistance p across the same. This leakage resistance is in parallel with 
the liquid condenser and can be replaced by a series resistance r. I', where 
r = resistance per unit length distr^uted uniformly over the entire resonance 
length i'. The attenuation constant under this condition is given by 


y ^ R + r 
I 2Z0 

Thus from (i) and (4) I 

r =1 

or r./' =|2Zof»- T'o)/' 

Now the leakage resistance is givei| by 


(4) 


^ 5 ) 


P - 


I 


( 6 ) 


The capacity Co of the terminal condenser can be eliminated from the reso- 
nance condition, when there is just air between the plates of the terminal 
condenser of the Lecher system, viz., 


Zo.tan 


2 nl 


I 

U)Co 


or 


Co = 


u>Zo tan 


2n1 


Substituting this value of Co, we obtain from (5) and (6) 

-7 * ? 

7 o tan 


Remembering: that 


P = 


1 

^TTcrCo 


and substituting: the value of Co, we get 


P = 


27 rf 

to/C 0 t a XI ^ 


From (6) and (7) 


47rcr 

<u(«--» o)r _8 _ c(«-»o)/'> 
K tan 


2»r tan- 


2 trl 


2 

2nl 


(7) 


... ( 8 ) 
... (9) 

X '• X 

where c is the velocity of light and the wavelength corresponding to 
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Since the atteuuation constant as seen from (i), is negligible, the electrical 
conductivity cr is given by 

' ■ : ife.. . ... ho) 


A tan 


2kI 


where 


ki = e'/'C/A tan^^ 

A 


The attenuation constant * is obtained from the theoretical relation between 
a and the ‘ width ’ of the resonance curve. In the case of ‘ half-width the 
attenuation coefficient is given by 


a = 

my A® J 


<11) 


where e is the half-width, w is the order of the potential node on the Lecher 
wire and A the wave-length of the oscillation induced into the Lccher-wire 
system. In the case of the (i/ v' 2I width as in the present work, we have 


^ V 2 

m 


'M 


(12) 


where c is the (1/ V 2) width. 

In view of (10) and (12), the H.F. conductivity will be given by the 
relation : 


o- = fe, 


v'" 2 JT _ j 

m A® J 




tan 


2nl 


-r 

”'J2 1 


(13) 


RXPERIMENl'AL ARRANGEMENTS 

A Philco H.F. signal generator (Type 7070)) was used as source of 
ultra-high frequency oscillations. The output of the signal generator, when 
set for requisite ultra-high frequency, was applied across the parallel-plate 
condenser which served as the terminal condenser of a parallel-wire Lecher 
system at the generator end. 

The pair of parallel Lecher-wires (S.W.G. No. 12 copper wire, diameter 
0.259 cms.) were set up horizontally about 4 feet from the floor. The distance 
between the pair of parallel wires was 6.29 cms. As already mentioned above, 
the terminal condenser of the Lecher- wire system was a parallel -plate condenser 
enclosed in a glass receptacle with lead-in wires from the two plates. The 
glass receptacle could be filled with w’ater or any other solution which also 
could be made to run out through an outlet tube fitted with a glass stop-cock. 
With ultra-high frequency oscillations on, the resonance length adjustments 
were made by hiding a short-circuiting bridge 6 across the Lecher- wires. 
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Th« slKMt-circuiting bridge was made of thick copper wire and was mounted 
on ft long ebonite handle. The under-side of the short circuiting bridge was 
filed and shaped in the form of a sharp edge and a pointer was attached to 
the bridge. A scale was kept horizontally fixed alongside the Lecher-wires 
and the pointer on the sliding bridge indicated its position on the horizontal 
scale. The resonance was indicated by means of a valve-detector with a 
balanced mirror galvanometer G in the anode circuit. The detector unit 
was coupled to the Lecher-wire syste^ at the input end by means of two 
small condensers a, a consisting short brass tubes insulated from 
the Lecher-wires by glass sleeves. Tie diagratu of the entire experimental 
arrangement is shown in Fig. i. frhe circuit diagram of the detector unit 
is shown separately in the same figurA 

EXPERIMENT A Tv RESUlItvS .SHOWING SHIFT vS OF 

RESONANCE I'OINTS Fp R DIFFERENT CONCEN- 
TRATIONS O !<' T H E I S O L U T 1 O N S DUE T O 
dielectric CONSTANT VARIATIONS. 

The shifts of resonance point on .Ihe Lecher-wires tow’ards the generator 
end indicated smaller resonance lengths and hence increasing dielectric con- 
stant values. It was observed that the resonance length decreased gradually 
with the increased concentration, attaining a constant value after a certain 
concentration . 

The shifts of resonance point for sodium chloride for increasing con- 
centration from o to 3% (normality from o to 0.5 120 N) for five different 
ultra-high frequencies are shown in Fig. 3. The shifts of resonance points 



Fig, ft 
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for magnesmin chloride, potassium chloride, and copper snlphatie solution^ 
with increasing concentration from o to 3% are illustrated in Fig. 3 for Only- 
one frequency. 



o .4 .8 1.2 1.6 2.0 2.4 2,8 

Percentage concentration in grams 

Fig. 3 


It will be noticed that in all solutions, except copper sulphate solution, 
the shift increases gradually (i.e., the resonance length de creases slowly ) 
till it attains a steady value at a particular concentration. The maximum 
shift observed was indeed small, indicating only a small increase of dielectric 
constant of the solution. The dielectric constant attained a saturation value at 
0.5 to 0.6% concentration. In the case of copper sulphate solution the dielectric 
constant was, however, found to remain constant from o to 0.8% concentration. 
For concentration values from 0.8 to 3%, it was found to increase 
considerably . 

ABSORPTION MEASUREMENTS -ANI) DETERMINA- 
TIONS OF H.F. ELECTRICAL CONDUCTIVITY OF 
THE SALT SOLUTIONS. 

AfuoTptioTi-conceittrcition curves for fiKed, frequencies 

For each frequency, resonance curvea showing deflections in the galva- 
nometer of the valve-detector unit against the scale divisions representing 
the wire-lengths were experimentally obtained with water and with solutions 
of different concentration used as dielectric between the plates of the expert- 
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luciital coxiileuser . From the resonance curves for each conceutiatioiii the 
(1/V2) width was measured carefully. The values of the width 
of resonance when plotted against the correspondiog values of- 
concentration gave the absorption-concenlralion curve for a particular frequ- 
ency. Such absorption curves were obtained for different frequencies 

' SontUW CHLORIDE 



Fig. 4 



0.6 1*^ 

Ptrcentage concentration in grams 

Fig. 5 


30 


2.4 
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in the case uf sodium chloride solution,' and for one frequency for other hold,*' 
tions. In almost all the curves there was distinct evidence of two maxlmd 
at particular values of the concentration, the positions of the maxima depend- 
iu£r upon the frequency of the field. For sodium chloride solution tt^o sets 
of absorption curves showing width of resonance against- concentration 
are shown in Fig. 4 for 62Mc/s and 85 Mc/s. In Fig. 5 are shown four 
other sets of similar absorption curves for sodium chloride for 70 Mc/s, 80 
Mc/s, 90 Mc/s and no Mc/s. The figures illustiate a definite shift of the 
maximum towards the higher concentration side for the higher frequencies. 
We have reasons to believe that the two maxima generally observed are 
associated with the fundamental and the first harmonic frequencies. It can 
be seen that the position of the first maximum (which is associated with 
the fundamental) lies between 0.2 and 0.3% cone, w'hcreas, the position of 
the second maximtim (which is associated with the first harmonic) lies within 
0.5 and 0.7% cone, within the frequency range from 72 to no Mc/s. 
The shift of the second maximum with frequency is indicated in the absorp- 
tion curves. The absorption -concentration curves for magnesium chloride, 
potassium chloride and copper sulphate solutions for one particular frequency 
are illustrated in Pig. 6. 



0-4 0.8 J.3 1.6 2.0 2-4 2.8 

Percentage concentration in grama 

Fig. 6 

In obtaining the values of the high-frequency electrical conductivity of 
he sodium chltwide solution, which are given in Table I., calculations we»o 
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made according to (z3). In computing the values, the dielectric constant 
of the aqueous solutions, which are all dilute, is taken as So- The constant 
resonance-length I with air in the terminal condenser of the Lecher wire 
system and the resonau<:c length V with the solution inside the condenser 
after it attained a constant value were taken for the calculation . 

TiteLE I 

(Sodium chloride solution/ 


% 

Coitcentration 

(grms.) 

Normality 

^gms/litre) 


dec. conductivity 

Cc.s.u.) 

70 ilc/s 

80 Mc/s 

90 Mc/« 

o 

0.0 

o.o;^5 

0.2303 

0 4567 

0,1 

0.01709 N 

o.ioiSSo 

¥ 

0.3036 

0.7731 


0.03419 N 

0.15^10 

0.3350 

I 0540 

0.3 

0.05129 N 

0.13820 

0.3036 

1 .3000 

0.4 

0.06834 N 

0.1267a 

0 2617 

I 1950 

0.5 

0.08547 N 

0.1x910 

0.3036 

1.1240 

0.6 

0.10260 N 

0.T0750 

0.2722 

J.4060 

. 0.7 

0.11960 N 

0.11520 

0.2513 

1.0890 

0.8 

0.13680 N 

0.10750 

0 2513 

0.9840 

0.9 

0.15380 N 

0,10750 

0.2303 

0.9137 

I.O 

0.17090 N 

0.09982 

0.2199 

0.8433 

1-5 

0.25640 N 

0.09212 

0.2303 

0 9^37 

2.0 

0.34130 N 

0.84450 

0 2303 

0.9488 

2-5 

0.42740 N 

0.08061 

0.2303 

0.9137 

3.0 

0.51290 N 

0.08061 

0.2303 

0.8784 


(b) Frequency of Maximum Absorption and its Relation with Concentration 

From each absorption-concentratiou curve for a particular frequency » 
the concentration value for maximum absorption maximum width Of 

resonance) was noted and the particular frequency was then regarded as the 
frequency for maximum absorption for that concentration. As already 
mentioned* there were two maxima in , one absorption-concentration curve. 
The concentration values corresponding to the two maxima in the absorption 
CurvOs were associated with the particular frequencies which were regarded 
as frequencies of maximum absorption for these concentrations. In Table II 
are given the different concentration values corresponding to frequencies 


iit4 Satyanarayana and S. jfCha^^. 

of piaximutn absorption for the two maxima. The values of the prodtict 
of the wavelehgth in cms corresponding to the frequency of mnsEinium 
absorption and the concentration expressed in gram-equivalent per litre are 
also entered in Table II. 

Table II 

(Sodium chloride solutions) 

Set I 

First maximum Second maximum 


% 

cone, 
(gms) j 

y 

gm. equtv. 
per litre 

1 

/ 

Mc/h 


i 

(7. ) 

% 

cone. 

igms.) 

7 

gm. equiv. 
/litre 

t 

Mc/s 

I 

A.cm. 

(7. Acm. ) 

0.20 

0.0342 N 

[ 62 

1 

483 7 

16.54 

... 

... 

... 

... 

... 

0.275 

0,0470 N 

85 

352-9 

i 6-59 

0.6 

0.1026 

170 

176 5 

18.1 




mean 

16.57 

1 







Set 21 . 


0.225 

0.03846 N 

70 

428.6 

16.48 

••• 

... 

• ■ 

... 

• •• 

0.250 

0.04274 N 

80 

3750 

T,.o3 

0.5 

0.08547 

160 

177*5 

16.03 

0.300 

1 

0.05129 N 

90 

335*3 

17.09 

0.6 

0.X0260 

180 

167.7 

17.09 

c -325 

0 05556 N 

1 10 

572.7 

15.15 

0.7 

0 1T960 

220 

136.4 

15-15 


1 

1 


mean 

value, 

16.19 


1 



mean 

value, 

16.48 


It is to be observed that the product (y-A-om) comes out to be a constant, 
being equal to 16.19 for the first miximum. Accepting the first harmonic 
wavelength values for the second maximum, the product (y.Aom) is found 
to have practically the same constant value. This equality of the values 
of ty.Aom) for the two maxima can be regarded as a good ju.stification for 
believing that the first hamonic is responsible for the second maximum. 

The experimental value of (y.Ac,„) for sodium chloride agrees well with 
the value 16.45 given by Forman and Crisp (1946) and also with that obtained 
by Chatter jee and Sreekantan (1948). 

Similar experimental results with magnesium chloride, potassium chip* 
ride and copper sulphate solutions gave the frequencies of maximum absorp- 
tion. The values of these frequencies and the corresponding concentratioi^ 
together with the values of product of the wavelength corresponding to 
the frequency of maximum absorption and concentration in gram-equivalents 
per litre are given in the Table III. 
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Table III 




% 

7 






Cone. 

gm. equiv. 

/ 

^oni. 

(7* ^om. ) 



(grnis) 

per litre. 

Mc/s. 



ist 

max. 

0-35 

0.04693 N 

■r 

1 Ss ! 


16.56 

Potassium 






chloride. 

2nd 

max. 

0.70 

0^386 N 

170 

i 7 < 5-5 

16.56 




\ 



mean value 




1 



16.56 


1st 

0.30 

oj ?^950 N 

85 

352.9 

10,41 


max 


1 




Magnesinm 



1 



ia.15 

chloride. 

and 

0.70 

oiASSs N 

170 

176.5 

mean-value : 


max. 


1 



ii.a8 


rst 

0.275 

t 

op 22 os N 

90 

333-3 

7-35 


max. 






Copper sulphate. 

and 

0.50 

0.04004 N 

180 

166.7 

6.68 


max. 





mean value : 







7.02 


In Table IV the values of (y.Acm. ) obtained by different experimenters 
are given for comparison. 


Table TV 



Satvanarayana 

Forman 

Chat ter jee 

Salt solution 

. & 

A 

A 


Kbastgir 

Cri.sp 

vSreekantan 

Sodium chloride 

i6.;»4 

16. /|5 

16.64 

Potassium chloride 

16 56 


15-0 

Magnesium chloride 

11,28 


11.0 

Copper sulphate 

7.02 


8.65 


DISPERSION AND ABSORPTIt)N PORMUD^ 

The well-known Lorentz expression for the local field at a molecule is 
given by 

JSioo.*! —E + 4 nP ... (14 ) 

where P is the electric polarisation. 

On the basis of this experssion, Debye (1929' derived the expression^ for 
the real and imaginary dielectric constants : 
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... (is) 


KflP + 2 j 

^0 = static dielectric constant, 

€ao=dilectric constant for extremely high frequencies, 
and r = relaxation time. 

The I^orentz expression was considered inadequate for representing the 
local field, and the hypothesis of ‘hindered rotation’ was introduced later by 
Debye ^1935, i937; and Fowler ^1935). Reconsideration of the problem by 
Onsager (1936) led to a ‘reaction field' which is due to the polarization of 
the dilectric in the electric field of the molecule itself. Considering the 
reaction field with certain simplifying assumptions and introducing the effect 
of an alternating field, Onsager derived 


where 


3,= 




i+y" I 




_ «<■ — Cod 


— e + *^0 ®oo 

1 + 




I + a: 


,2 


a*. 


(16) 


where a;=*>to and is another relaxation time. 

Onsager 's expressions were similar to Debye’s except for the 
interchange of parameters x and y. This interchange of paremeters 
gives a larger value for the relaxation time according to Onsager than that 
on Debye’s theory. 

Van Vleck (1937,) suggested an assemblage of discrete particles rather 
than a continuous medium. On this view Cole (1937) also obtained 
expressions similar to Debye’s formulae. The relaxation time was, however, 
different and there was an empirical factor. 


EXPERIMENTAL I>ETERMINATION (iP RELAXATION 
TIME FROM THE ABSORPTION MEASUREMENTS 

I^t us lake Debye’s expression for e" ; 



where 
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When concentration is varied, both relaxation time and dielectric constant 
change, so that 


Q€» 

Qy 


(e 



^ + J 


y 

1 H- 


9 / 


If now the dielectric constant is assumed to remain constant the second 
term becomes zero and a'' becomes maximum, when 3/ = !. The constancy 
of the dielectric constant has been assumed for determining the frequency 
of maximum absorption. Thus according to Debye 


r 2 IT 

j — 

\ 2 Jr 




or 


27r/.„4, \ eo + 2 / 


According to ( )nsager 


(17) 


27 r/n 


In the range of ultra-high frequencies the difference between the two 
relaxation times is extremely small. 

The calculation of r from (17) has been primarily based on the observed 
value of the frequency of maximum absorption, e* may be assumed to 
be equal to the dielectric constant of water at ultra-high frequencies which 
is 80 and cq at the audio frequencies can be obtained from Falkenhagen’s 


relation ; 


_i.97 X 10 




1 ^^. 1{( Aj-HjTa (q.y) 

+ X ! -s,/ q)^ 


(ly) 


where = valency of Na-ion = i 
Za = valency of Cl-ion = i 
T = 3 oo®K 

e* = dielectric constant of w'ater at u.h.f. = 80 c.s,u. 
q — 0.5 for NaCl 

y = concentration in gram-equivalents per litre. 

Thus f'o ==3-536 for NaCl-solution. 

Similarly the following can be worked out. 

«o ~«j =9-281 Vy for MgCU at 23°C- 
ea — e,= 3.51 v'y for KCi at 23°C. 

♦■'0 — «« = 28.95^7 for CUSO4 at 23 "C 

The relaxation time according to Debye-Falkenhagen theory (Kalkenhagen, 
^9351 for u salt solution is given by ; — 


rar 8.8 5 X IQ-^* X 


(20) 


4~I778P— 4 



f7S Satyanarayana and S. R. Khasigir 

where Do— dielectric constant of water 

>= concentration expressed in grain equivalents per litre, 
equivalent conductivity of solution at infinite dilution, 

- 108.99 for sodium chloride 
= 110.88 for magnesium chloride 
= 133. 10 for potassium chloride 
= 113.85 for copper sulphate 

The values of Bo, as calculated from (19), and of t, as calculated from (17) 
are given in Table V in the case of NaCl for three different concentiations. 
The values of r, as computed from Debye-Falkenhagen formula, are also 
entered in the same table for comparison. 

I'ABLE V 

Sodium chloride solution . b , = So 


% V 

cone. (gms). 

y 



Relaxation time r 

normality 
(gms /litre) 

^0 

fmax Mc/S. 

Obs. in secs. 

X lo’® 

(Debye) 

Cal. in see. x 
10’® (Debye- 
Falkenhagen) 

0.7 

0.IT960 N 

81.223 

110 

14*25 

11.69 

0,6 

o.ioa6o N 

81.132 

90 

17.44 

12.67 

0-5 

0*53547 N 

81.034 

So 

19 63 

15.20 


The values of e* and r for KCl, MgCl^, and CuSO, for one concentration 
are given in Table VI. 


Table VT 



% 

y 



[ Relaxation time t 

Salt 

Ct)lU‘ . 

(gins.) 

normality 
(gms /litre) 

^0 

ftnux 

Mc/s‘ 

Obs in 

sec.s. X 10 ^0 
(Debj e) 

Cal. in secs 

X 10 ^® (Debye- 
Falkenhagen) 

KCl 

0-35 

0.0.^693 N 

80.761 

85 

' 10. OJ 

11.60 

MgCIi 

0 7 ‘' 

0 06^85 N 

«2 435 

85 

\. iS.iS 

21.79 

CuSO* 

0,50 

o.oior^ N 


90 

: 16.84 

1 1 

28.19 


It is to be observed that Debye-Falkenhagen expression for r gives 
somewhat smaller values than our observed values for NaCl and KCl. In 
the case of MgCi„ the observed value is slightly higher. The discrepancy 
between the observed value and the value computed from Debye Falkenhagen 
expression is indeed large for CUSO4 solution. 
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CALCULATED VALUES OF e', e" AND THE LOS S-T A N G E N T 

Accepting Debye’s formulte fore' and e", we have substituted our 
observed values of the relaxation time and have calculated and t" for 
different ultra-high frequencies within the experimental range for one 
concentration value for each of the four salt solutions, 'i'he loss-tangent 

tan 5 = -^has also been calculated. The variations of and tan with fre- 

queucy are illustrated in figures 7-10. It will be seen that the niaximuin 
for either e" or tan 8 appears at Ihd frequency of niaxitnuni absorption. It 
should be remembered that the values of f" and tan 8 were calculated by 
taking the relaxation time value coiirespouding to the frequency of maximum 
absorption. 
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AN EXTERNALLY COATED PYREX G-M COUNTER 

Uy M. YASIN, R. AHMED and P. S. GILL 

\Rccch<i'd jot pnbticaiion, January 13, 1951) 

ABSTRACT. ^ r counter, using an externally coated pyrex envelope, i.s 

reported as po.s.scs.sing a plateau of nioie than 1600 volts. Some other properties of this 
counter arc alsfi described, together with a tentative explanation of it.s characteristics. 

1 N T R tJ I> U C T ION 

The GciKer-lMulIer countci, being one of the most sensitive detectors of 
radiation, is needed in many branches of scientific research. In view of this, 
vat ions attempts have been made in the past to improve the technique of 
production, so that a large number of reliable counters can be easily and 
cheaply made available to scientific workers. 

Rochester and Janossy (1943) reported preparation of counters which had 
not been chemically treated and which were quite efficient for coincidence 
work. In order to obtain a better geometry, all-metal counters have been 
widely reported (Korff, 1943 ; Neher, 1946 ; Regener, 1947) but they involve 
many technical problems. Internal coating of glass tubes by copper eva- 
poration method has been practised in some laboratories (De Vos and Du Toil, 
1945) and since it obviates the necessity of surface oxidation, it can be 
considered a definite step foi ward in the development of Geiger counter pro- 
duction techniques. However, an internal coating of some conducting paint, 
such as commercial aquadag, is just as efficient as an evaporated layer of 
copper, and for this reason aquadag-coated' counters are at present widely 
employed. In fact, in order to make the construction still simpler, Maze 
(1946) reported the use of .soft glass with an external coating of conducting 
material. These counters were found to have a plateau of as much as 400 
volts and a slope wdiich was less than that of internal cathode counters. 

In this laboratory, since we were faced with- the problem of manufac- 
turing a large number of rugged but reliable counters under the circum- 
stances that metal tubing itself is hard to obtain, work was undertaken to 
further improve the techniques of counter jiroduction. At first, soft glass 
tubes were coated by commercial aquadag and the G-M counters so produced 
were found to be highly plioto-active. This defect was lemoved by painting 
the entire counter with a non-coiiducting black paint. P'urther, in order 
to study the effect of the material of the counter envelope, some pyrex tubes 
were similarly prepared and they exhibited the properties mentioned below. 



Externally Coated Pyrex G-M Counter 


183 


Plateau and Slope 

Conventional G-M counters are considered to be very satisfactory if 
they have a plateau of about 300 volts, and a slope of i to 2% per loo volts. 
In the case of externally coated pyrex G-M counters, the threshold potential 
was found to be slightly higher than that of comparable internal cathode 
counters, but the plateau was found to be nearly five tiines longer. 
In some carefully prepared tubes, the plateau turned out 10 be even 2000 
volts, and it had a slope of less than .0.4% per 100 volts. The chaiactcrislics 
of conventional and new type of counters are shown in Fig. i and it is obvious 
that the plateau and slope of the latter are superior to those of the former. 


5 300 

B 

S.260 

CO 

4 -> 

B 200 

150 

1200 2000 2800 3600 

Volts 

Fig. I 

The plateau characteristic of an externally coated pyrex 
counter : .'irgon and alcohol g and i cm of mercury re.spec- 
tively, internal diameter 23 mm, extern il diameter 30 
mm, 7 mil central tungster wiie, observed plateau iStx) 
volts, slope better than 0.4% per 100 vtdts. 

Threshold voltage and pulse size 

As stated above, under normal operating conditions, due to the presence 
of glass between the anode and cathode, the threshold potentials of these 
counters are generally higher than those of ct^nvcntional counters of similar 
dimensions and gas pressure. The threshold voltage appears to increase if 
the number of counts that have to be recorded increases. This apparent 
change of threshold voltage is due to the fact that there is a decrease in 
pulse size if the rate of counting is high. This does not, however, affect 
the length and the slope of the plateau, which under these conditions, extend 
to higher voltages. It is obvious that when the size of the pulses diminish 
beyond the minimum amplitude necessary for operating the scaler, the 
number of counts recorded by the system goes down, and in order to restore 
counting, the applied voltage has to be increased. Fig. 2 shows the variation 
of pulse size and threshold voltage with the number of cotints that have 
to be recorded. This figure shows that even when the rate of counting 
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Fig. 2 


The reduction in pulse size and the increment in threshold 
voltage observed with a scaler of 5 volts sensitivit}'. Same 
counter as used for plateau characteristic shown in Fig. i- 



Volts 
Fig. 3 

The plateau characteristic of an externally coated pyrex counter 
with higher rate of counting. The counts were obtained from a 
beta ray source, and a single tube pre-amplifier was used at the 
input of the scaler whose sensitivity was 5 volts. This counter was 
different from the one used for Fig. i but its dimensions were the 
same. 


l>ecoines quite hi.arh, the pulse size, instead of continuing to diminish, 
becomes more or less stabilized. As can be expected, the use of a j)re- 
ampliher to increase the sensitivity of the scaler brings the threshold voltage 
almost to its original value. The counter is thus capable of efficiently 
recording radiations producing up to several thousand impulses per minute. 
Fig. 3 gives a curve of the tube’s performance when the rate of counting 
is high. 
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Dead time 

The dead time of the counter, measured by the triRs;cr method sngecsted 
by Stever (1942), was found to be about 3 x 10"* sec. This does not com- 
pare too unfavourably with dead times of the order of 2 x m * >ec generally 
reported for internal cathode counters, and indicates that th.rc is no reason 
to consider the new counter to be inherently much slower than the conven- 
tional ones. 

T K N T A T r V E T II R Y OF OP E R A T I O N 

The difference in the inode of f>psration of the externally coated counters 
and those which have internal cathodes can be explained by putting three 
questions, namely, (r) Why does pi 4 se .size decrease with greater strengtii 
of incident radiation? (2) Wliy fs the slope so s u ill ? (3) Why is the 

plateau so long ? In order to ansvifer these questions it i.i appropriate to 
mention briefly the discharge mechanism and the action of the quenching 
gas in conventional counters. 

When an ionizing particle passes through the count .'r it leaves some ion 
pairs, and from these i>airs electrons .start moving towards the central wire. 
As they proceed into the region of intense electiic field, the energy of the 
electrons rapidly increases and they produce further ionisation by collision. 
This avalanche sjircads a’oug the length of the wire by photon action and 
leaves positiv’e ions in the form of a sheath all round the central wire. Due 
to the presence of this sliealh between the aiiodi and the cathoic, the field 
in the anode region is reduced beyond the threshold value so that no further 
ionising event can produce anothei avalanche before the sheath has had a 
chance to move out toward.s tlie cathode by a certain critical distance. The 
photons which are formed by recombination of a certain number of ions are 
absorbed by the quenching polyatomic gas and spurious counts are avoided. 

The quenching gas chosen is such that its ionising potential is lower 
than that of the noble gas used in filling the counter. On account of this 
fact the positive ions of the noble gas pass their ionization on to the mole- 
cules of the polyatomic gas. Again, photons released in this process are 
absorbed by the quenching gas, and finally it is the positive ions of the 
polyatomic gas that reach the cathode. When this ion sheath reaches within 
about 10“" cm of the cathode, electrons are taken out fro:n the latter for 
neutralizing the ions. Photons are not emitted in this process because ener- 
gised polyatomic molecules dissociate within about 10 ^ ^ .sec. (for alcohol), 
that is, before they can emit photons which require about 10 sec. This 
is the most important function of the quenching gas and is responsible for 

the plateaus in conventional counters. 

In the case of external cathode counters the ion sheath is not able to 
approach within 10"*^ cm of the cathode and therefore, instead of being 
neutralized, a good part of it stays on the surface of hard glass. Very soon, 

5-1778P— 4 1 
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at a particular couoting rate, a balance is reached between the rate of accu- 
mulation and the rate of neutralization, resulting in the stabilization of the 
surface sheet of charge. This results in the reditction of the effective voltage 
on the counter and is responsible for the extraordinarily long plateau. When 
the average rate of counting increases, the sheath becomes even more positive 
and thus reduces the size of the pulses that are transmitted to the counting 
system. It has already been e,Kplaiued in a previous section how this can 
be overcome either liy increasing the applied voltage or by u.siiig a pre-ampl' 
fier at the input of the scaler. 

In conventional counters the plateau comes to an end when spurious 
counts increase enormously an I discharge hjcoiuis self-m lintained. Th:se 
spurious counts are produced by naquenched phot j is for njd either during 
recombination or during the process of neutralization if the ion sheath. In 
the e.xternal cathode counters photons have to pasi through a region of 
ionized polyatomic gas molecules before they can reach the glass surface. 
This increases the probability of ab.sorptioa of the photons and makes the 
slope of the plateau so small. 

The idea of the formation of a surface layer is supported by other ohstr- 
vations such as : 

(1) the plateau is shorter in a freshly filled counter than in one which 
has been used for some time, 

(2) when voltage is suddenly brought down from a high value to the 

threshold voltage, counts are only observed a few seconds after this change 
has taken place. 

Further investigation is being carried out on this counter but it now 
appears certain that this type of counter has considerable advantages ever the 
conventional one, since it is rugged and cheap and can be operated u ith in 
expensive unregulated high voltage supplies. 

Muslim Univek.siity, 

Amoarh, U. P. 
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CMM THE ABSORPTION OF U. H. F. RADIO WAVES IN 
SOME ALIPHATIC KETONES DISSOLVED IN 
NON-POLAR SOLVENTS.* 

By si N. SEN. 

{Received for f>ub^cation, March 2S, iQst) 

ABSTRACT. The absorption of ultrii-high frequency radio waves in solutions of 
different concentrations of aliphatic ketone<| in ben/enc- and also in soluti r)ii'- of a particular 
concentration in different solvents has be^n studied in the freciuercy range ?.so- 5 io Mc/sec. 
It has been observed that the heights of th4ab->orption peaks decrease greatly in all cases 
when the pure liquid is dissolved, in tli solvent to make even a solution and the 
curves become flatter and flatter as the diluftion is increased, except in the vase of ethyl 
isobutyl ketone in which case the height of the peak tends to attain a constant value with 
increase of dilution. 

It i.s further observed that the maximum in the absorption curve shifts towards higher 
frequencies both with dissolution and increase in dilution of the solution It is suggested 
that the diminution in the height of the absorption peak is due to breaking of as.sociatcd 
groups of molecules and the shift is due to change in the internal viscous forces acting 
on the polar molecules caused by the surrounding non-polar molecules .f the solvent. 

INTRODUCTION 

It was observed in some previous investigations (Sirkar and Sen, 1940 ; 
Sen, 1949, 1950* 1951) that, except in a few cases, the height of absorption 
peak observed in the region 250 Mc/sec — 510 Me /sec in the case of some 
liquids having polar molecules increases and also the peak becomes sharper 
when the temperature of the liquid is lowered. It was suggested from these 
results that probably the arrangement of molecules is more regular at lower 
temperatures than at higher temperatures and therefore the field ’due to 
surrounding molecules has a well-defined value in the former case while 
'' variation from point to point in the arrangement of molecules at higher 
temperatures creates an inter-molecular field having values lying within a 
definite range at a definite temperature. It was also suggested that the 
intermolecular field might have influence on the value of the permanent 
electric moment of the molecule and in the case of highly anisotropic molecules 
large energies might be absorbed due to fluctuation of the permanent moment, 
of the molecule occurring during the oscillation of the molecules in unison 
with the impressed oscillating electric field. The intermolecular field, 
however, is expected to be changed considerably if the polar molecules are 

• Conimniiicated by Prof. S. C. Sirkar. 
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dissolved in solvents having non*polar molecules. The results might throw 
light on the question whether it is the macroscopic viscosity or something 
else which determines the relaxation time of the molecules* It was, there- 
fore, thought worthwhile to study the absorption of U. H. K. radio waves 
in solutions in the cases of some liquids which in the pure state exhibit 
such an absorption in the region 250-510 Mc/sec. As it is already knovra 
(Whiffen and Thompson, 1946) that in the case of very dilute solutions of 
toluene the maximum absorption is observed only in the microwave region, 
only concentrated solutions of different strengths have been used in the 
present investigation and such absorption has been studied in solutions of 
some aliphatic ketones of different concentrations in benzene and also in 
solutions of a particular concentration of acetone and methyl ethyl ketone in 
benzene, heptane, carbon tetrachloride and cyclohexane. 

EXPERIMENTAL, 

& 

The experimental arrangement used to measure the absorption of ultra- 
high frequency radio waves has been described in detail in the previous 
papers (Sen, 1949, 1950 and 1951). All the liquids were chemically pure 
and were distilled three times befoie being used for taking observation. In 
the case of acetone and methyl ethyl ketone, solutions of strengths 80% and 
60% by volume were prepared and in the case of diethyl ketone, dipropyl 
ketone and ethyl isobutyl ketone solutions in benzene of strengths 80%, 60% 
and 40% by volume were prepared. The absorption of U, H. K. radio w'aves 
in the region 250-510 Mc/sec were studied in the pure liquids as well as in 
these solutions. 

In order to study the influence of solvents on the position of absorption 
maximum, 80% solutions of acetone and methyl ethyl ketone in benzene, 
heptane, carbon tetrachloride and cyclohexane were used. Graphs were 
plotted with attenuation coefficients as ordinate and corresponding frequencies 
as abscissa. From these graphs the value of the frequency for maximum 
absorption was obtained. The same process was repeated for all the liquids 
studied. In calculating the attenuation coefficient, the thickness of the liquid 
proportional to the concentration of the liquid was taken into consideration. 

RESULT vS AND DISCUSSION 

The results for the solutions of different strengths in benzene have been 
shown graphicalb*^ in figures 1 , 2, 3, 4 and 5, and those for solutions of 
acetone and methyl ethyl ketone in different solvents are given in Tables I 
and II respectively. These latter results are also shown graphically in figures 
6 and 7. 
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Fig. 5 

1 . Pure liquid, II. 8<>% .solution in CVIg 
HI. 6o% .sola., IV. 40% ,, ,, 


Taulk I 


Attenuation co-efl&cicut of acetone in different solvents. 


Solvents. 

Frequency in 

Me /sec. 

i 

Benzene 

1 

i 

Heptane 

1 

1 

CCI4 

Cyclohexane 

300 

.0T05 

j 

.0128 

1 

.0081 1 

.0044 

320 

.0112 

014Q 

01 C »2 

1 

.005S 

340 

.0138 1 

.0165 

.0120 j 

.0098 

36 (‘ 

.0144 

oj<S9 

! .0747 ; 

.U151 

38^ 

016:: 

e2l4 

01 5^7 ; 

.0250 

4*. 0 

.0218 

0254 

.02.20 ! 

.0324 

420 

.o24g 

.c)2g N 

1 .0288 ' 

i 

.0396 

440 

.028 \ 


•0337 

•'' 4 .SS 

460 

• 03^3 

.03 

.04 ^ I 

.0462 

480 

.033 i 

.043B 

.0499 

•0434 

500 

.0336 

•0509 

.0511 

.0389 

510 

.0323 

1 

‘0494 

.0366 
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Table II 

Attenuation co-efficient of inethyl ethyl ketone in different solvents. 


Solvents 





Freqtiencj* m ' 

Mc/scc. 

Henzene 

Heptane 

Carbon tetra- 
chloride 

Cyclohexane 

250 

.0070 

.0070 

•0035 

*0058 

270 

.007.^ 

.0091 

.0046 

.0088 

290 

.0114 

.0109 

.0063 

.0108 

3 TO 

.0126 

.0145 

0086 

.0151 

330 

.0182 

0175 

.0116 

.0173 

350 

. 02*^7 

.0203 

0144 

.0202 

370 

.0252 

.0256 

.0189 

.0254 

390 

.0324 

.0270 

.0235 

0316 

410 

.0392 

.0301 

.0284 

•0355 

430 

*0358 1 

.0336 

.03 1 1 

•0352 

450 

.0322 

.0382 

.0340 

.0327 

470 

cc 

0 

c 

.0429 

•035? 

.0296 

4 QO 

02 Q 1 

1 

•C 473 

.0338 

.o,»8o 

5 io 

1 

I .0280 

1 0529 

0284 

.0252 



Frequency in Mc/seo. 

Fig. 6 

I. Acetone— Heptane, II. Acetone— Beneene, III. Acetone — CCI4, IV. Acetone— Cyclohexane. 
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III. ,, ,, „ — ^Cyclohexane 

IV. .. .. — GCU 

DISCUSSION 

From the senes of curves reproduced in figures 1 — 5, it is evident that the 
integrated intensity in the’ peak becomes smaller in all the cases when the 
liquids are dissolved in benzene and, except in the case of ethyl isobutyl ke- 
tone, the peaks become fi.atter with increase in dilution. In the case of ethyl 
isobutyl ketone, it is found that the peak becomes narrower as the liquid is 
dissolved in benzene and the width of the peak still decreases as the concent- 
ration is gradually decreased. The integrated absorption in the pure liquid, 
however, is much larger than that in the solution. This particular liquid 
shows an anomaly when absorption is studied in the liquid at different tem- 
peratures. Unlike other ketones, it shows a much broader absorption peak 
at the room temperature than at higher temperatures (Sen, 1951). In the case 
of the other ketones, on the other hand, the absorption peak becomes wider with 
rise of temperature of the liquids. It can thus be concluded from these re- 
sults that in the case of these ketones the dissolution of the liquids in 
solvents has an influence on the absorption similar to that observed with 
increase in temperature of the pure liquid. The decrease in the height of 
the peak observed in the case of acetone and methyl ethyl ketone wiih disso- 
lution in benzene is, however, much larger than that observed with increase 
ai tenaperaiure of the liquid. 

Since the effective thickness of the liquid in the solution has been taken in 
the attenuation coefficient, it is evident that the diminution in inter- 
alMiMptlon Jadioates a diminution in the number of polar mdecules set in 
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oscillation by the impressed oscillating field. In the case of acetone and 
methyl ethyl ketone, the number of such molecules diminishes to about x/ioth 
of its original value even in solution of strength 8o%. If the molecules of 
the solvent would only diminish the internal viscosity »), the peak would 
only shift towards regions of higher frequencies without having its height 
diminished appreciably. The molecules of the solvent thus seem to have a 
kind of influence different from this. Probably the actual unit responsible 
for absorption in the pure liquid is a group of associated molecules and pro- 
bably most of these groups are bioken up in the solution so that the single 
molecules show absorption at much higher frequencies beyond the range 
used in the present investigation and only a few of the groups persist in the 
solution. The influence of the molecules of the solvent on the internal viscosity 
being different at diffrent points in the solution, the peak, which persists in the 
solution, is broader than that due to pure liquid. It may be mentioned in 
this connection that the radius of the rotor calculated from Debye’s theory 
was found to be loo high in the case of acetone (Sen, 1951). It is also inter- 
esting that frequencies of some of the Raman lines of acetone alter a little 
when the liquid is dissolved in carbon disulphide (Whiting and Martin, 

1931)- 

If such a hypothesis be applied to the other three cases, it is seen that 
the breaking up of associated groups with increase in dilution of the solu- 
tion takes place less rapidly, the rate being gradually slower for higher 
dilutions. For instance, in the case of 4o%solution ef dipropyl ketone the 
integrated intensity of the peak is about the same as that observed in the 
case of the 90% solution. 'I hus it appears that besides changing the inter- 
nal viscosity, the solvent also breaks up groups of associated molecules. 

This question can be more thoroughly investigated by studying the absorp- 
tion in solution of a particular strength in different solvents because in that 
case the influence on internal viscosity would be different for different S..-1- 
vents. The data for solutions of acetone and methyl ethyl ketone in differ- 
ent solvents, given in Tables I and II and plotted in figures 6 and 7, show that 
the shift of the maxima in the absorption curve is different for different 
solutions. The curves, however, reveal the fact that the diminution in the 
integrated absorption is largest in the case of solution in benzene and small- 
est in the case of solution in CCl*. Hence it can be concluded that ani^- 
tropy of the molecules of the solvent plays an important role in the absorption 
of U'H.P. radio waves by the solutions. Probably the anisotropic molecules 
offer a greater hindrance to the orientation of the polar molecules during 
oscillation of the molecules in unison with the impressed oscillating electriq 
field than isotropic molecules. 

An attempt may now be made to find out whether the fre^pen^ : 

pqndtnir to the, maigimum , in the. absorptiem ^urve is determiaed by the ; 
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macrosoojpic viscosity or not. In the case of mixtures of two liquids the 
coefficient of viscosity tj is given by the expression (Hatschek, 1930; 

»)* = aci7,^+(i-A;)i7a* ( 1 ) 


where *)t andtja are the coefficient of viscosity of the two constituent liquids 
and X the volume fraction of on« of the liquids. It is possible to calculate 
v,„, the frequency at the maximum the absorption curve with the help of 
the data for the pure liquid by as|uming that Vm is inversely proportional to 
T and using the values of tj obtained i^rom This has been done and the 

results obtained are given in colt^in 3 of Table III. The observed values 
are given in column 4- The values hi rj for the solutions given in column 
2 of Table ill are calculated fro 4 (i)- The data given in columns 3 and 4 


3 I.E III 


Comparative study of the ab 4 >rption of U. H. F. electrical oscillations 
in solutions of ketones in different stj^vents. 


I<iquid 

f"" “ 

Viscosity in 
centipoise. 

Frequency a 
absorptioi 

calculated 

t maximum 
ti Mc/sec 

observed. 

1. Ca) Acetone (pure). 

.3085 

1 

400 

(b) 80% soln, in benzene. 

•3340 

363 

503 

(c) 60% soln. in benzene. 

•3715 

324 

beyond 510 

(d) 80% soln. in heptane. 

.3019 

405 

beyond 510 

(e) Do in CCh. 

.3798 

323-5 

490 

(f) Do in cyclo hexane. 

■3739 

324-7 

450 

2. Methyl ethyl ketone (pure). 

.3861 

378 

80% soln. in benzene 

■3781 

390 

415 

60% soln. in benzene 

•3959 

370 

500 

Do in heptane 

•3817 

382 

510 beyond 

Do in CCI4 

.4624 

313-4 

475 

Do in cyclo haxane. 

•458.3 

316.2 

430 

3 Diethyl ketone (pure) 

.4228 


330 

80% soln. in CaHe 

4015 

347*7 

412 

60% soln. ,, 

•4474 

312*2 

460 

40% soln. ,, 

.463a 

301 

490 

4 Dipropyl ketone ^pure) 

•5653 


295 

80% soln. in C^He 

.5098 

327 

390 

60% soln. in CeHe 

.5248 

I 317 

440 

40% soln. in CeHe 

5349 

300 

490 

5 Ethyl isobutyl ketone (pure) 

80% soln. in CeHe 

•* it 

40% „ „ „ 

data not 
available 


250 (approx) 

37S 

440 

480 


show that the agreement betVl'een calculated and observed values is not quite 
good. The observed values of are always higher than the calculated 
values. This indicates that if Debye's theory be assumed to be correct, the 
frictional forces acting on the polar molecules in the solution are smaller than 
those due to macroscopic viscosity. , 
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C»J THE POISONING OF OXIDE-COATED CATHODE 
DUE TO ADSORPTION OF PARTICLES 
LIBERATED FROM THE ANODE 

B. w. DEB 

{Received for piibl^atlon, January 1951) 

HBSTRAOT — ^Thc paper presents a th^rriical treatment of the rate of decay of current 
due to adsorption of particles liberated! from the anode of a valve using oxide-coated 
cathode. The cases of mobile and imiTi§bile adsorption are separately considered and 
graphical solutions for different conditionaof the cathode surface and for different values 
of partial pressures of the poisoning agent |re given. An approximate analytical solution 
of the problem is also given and this is fot^id to predict a time constant of decay of current 
of a^nt 10“’ sec. under suitable condit^ns. It is .shown that if one wants to a.scribe the 
recently discovered phenomenon of pulsed emission de ay in cxide-coated cathodes to 
adsorption of gase.s liberated from the anode, one must assume that the adsorption is mobile 
with low energy of activation the adsorbed particles in all probability being oxygen. On the 
ba.sis of these as.sumptions attempt is made to expLiin the principal characteristics of tho 
phenomenon. A number of experimental tests for the hypothesis is also-suggested. 

INTRODUCTION 

I^arly in the history of the development of oxide-coated cathodes, it was 
observed that their emission is adversely affected when exposed to gases like 
O3, Co etc. Appreciable work on the subject was done by Becker and 
others (Becker, 1929) and their results showed that elimination of these 
gases from a radio valve by maintaining the highest possible vacuum is very 
necessary in order to preserve good thermionic cfiBciency for a long time. 
Improved vacuum techniques and powerful getters were therefore developed 
and with their help large emission and long life could be obtained 
simultaneously . 

Nevertheless, it was known that these cathodes almost invariably showed 
a current decay immediately on application of the anode voltage. The decay 
continued in some cases even for a few minutes. On switching off the 
voltage a. time of the same order was required for the cathode to regain its 
initial emission. This phenomenon could not be satisfactorily explained 
although the possibility that it might be due to gases liberated from the 
anode was not overruled. In recent years it has been discovered that with 
pulse voltage of micro-second’s duration on the anode, a current larger than 
JO times the current obtainable with d.c. voltage could be obtained from the 
9afne,<mthode< This phenomenon is also ascribed to another very sharp and 
r.ecoyereble decf^ of current which follows the application of anode voltage. 
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The time constant of this decay is io“* — 10*“^ seconds* Quite a number of 
papers have already been published on the subject and attempt has been 
made to trace the origin of this decay. Assuming that Fowler-Wilson 
theory of semi-conductor is applicable to thermionic emission from an oxide 
cathode, Coomes (1946) had tried to explain this on the argument that 
electrons from the impurity atoms in the oxide, which are thermally excited 
to the conduction band before the applicatic^ of the anode voltage, are 
trapped so as to act as a reservoir for unusually high emission when the 
anode voltage is applied. A decay of current results as this reservoir becomes 
exhausted with the drawing of current. Spioull (1945) ascribed this decay 
to the electrolytic conduction of barium ions from the surface towards the 
interior of the cathode under the influence of anode voltage. This is 
countered by a process of diflusion of Ba atoms outwards and a steady 
condition is ultimately reached when the two rates of flow’ become equal. 
The theory gives a time of decay which agrees w’ith experimental value but is 
unable to explain many other aspects of the phenomenon. Later, Wageuer 
(1949) modified Sproull’s theory by assuming that the decay Is due to 
electrolytic flow of negative oxygen ions outwards under the influence of the 
anode voltage. Very recent experiments, however, seem to indicate that 
nothing very fundamental is responsible for this short-time decay. Wright 
^1949) aud Peaster (1949) have both shown that decay occurs only w’hen the 
anode surface is contaminated with a poisoning agent. Wright has further 
shown that decay occurs only when the usual operating anode and the anode 
used in activating the filament are one and the same. This shows that the 
anode is probably contaminated with poisonous substances during the activa- 
tion pr . cess and when current is drawn, these get ejected from the anode and 
travel on to the cathode surface to destroy its activities, in part, temporarily. 
The exact nature of these particles remains yet to be determined. It may 
also be mentioned that occurrence of a permanent decay due to gases released 
from the anode under electron bombardment was also suggested by the results 
of some earlier experiments (Jacobs 1946, Hamaker, Bruining and Aten, 1947). 
But time constant of this type of decay is much larger. In the present 
paper an attempt has been made to develop a mathematical expression for the 
rate at which the current decays as the surface becomes covered due to 
adsorption of poisonous particles liberated from the anode, and this has been- 
used to examine how far such adsorption can be a factor in causing the short- 
time decay as described above. Interest is restricted only to the simplest types 
of adsorption phenomena. 

l’'ORMUI<ATlON OF THE MATHEMATICAL 

EQUATION 

We will assume that electrons striking the anode surface liberate a large 
number of particles which travel on to the cathode surface and get adsorbed. 
As soon as a few particles have settled down an opposite phehotnenon 
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of evaporation for better we call it desorption) sets in. This process increases 
as the fraction of the available surface area covered up by adsorption increases. 
If N denotes the number of particles actuaUy remaioiiig on unit area of the 
surface, then 

dNfdt = rate of adsorption — rate of desorption. 

Case (a). 

Mobile adsorption — If we assume that the particles adsorbed are 
mobile on the surface then theory absolute reaction rate gives us {vide 
Glasstone et al 1941) 


rate of ad«^orptioi| 


if j 7 ^ 

b f t/ 


'i; 


where 

N 


„ == Concentration oT gaseous fearticles in front of the surface ; 

JS = Knergy of activation for apsorption ; 

/, = Complete partition functi^ of particles in the activated state ; 

f-e = Complete partition functi<|n of particles in the gaseous state ; 

k = Boltzmann’s constant ; 
h — Planck’s constant ; 

T == Absolute temperature, 

Nf, is related to the current i. We assume that N 1, = where is a 
constant dependant on anode voltage, the anode material and the nature of 
the particles and i is in amperes. We assume that the emission of an electron 
from the surface and the arrival of a poisoning particle liberated by it in 
front of the cathode are almost simultaneous. This is not correct. But for 
simplicity we can assume this, renu mbering that it will give us a somewhat 
flatter rate of adsorption parliculatly during the initial stages, i.c., theoretical 
time of decay will be on the higher side on account of this assumption. 

Rate of desorption will be proportional to the number of particles already 
adsorbed ; the theory of absolute reaction rate gives us, 

rate of desorption = kTfS .. (-2) 

where y 9 is a constant involving partition functioirs and li' is the energy of 
activation for desorption. We thus obtain 


■kTfiNe-^'l'^'i (a.i) 

dt h fa 

In order to express this equation in terms uf the fraction 6 of area covered 
up by the adsorbed particles we note that 

.V = /.(9 ••• <2.2) 

where L= number of particles required to completely cover ui) unit area of 
cathode surface. For a fully bare surface, this is io“ — 10’ ’. We note, 
however, that the area available for adsorption may be a fraction of 
ttie total cathode area. In such a case the value of L would be 
Sufantitutingr in (a.i) 1 
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where 


dt h fo 

— okt — AL.0 


t3.3) 

(a.4) 


cx = a' 


kT fa -E/fcT 

h 7. 


(2-5) 


and /l = fe7'/8c-K'/»rT (4.5) 

It remains to express 7 4) in terras of current. To do this we folldtv 
the procedure adopted by Sproull and Wagner. From experiments carried 
out by Becker ( T929) with oxygen it is found that 

iog i/io=b{ 6 Q- 0 ) ... (2.7) 


where 


io = the limiting value of the current for large values of i, 

(9o = value of 0 corresponding to t’o, 

& = a slowly varying function of d and for changes in current of the 
order of i : 10 ; this may be taken as constant. 

Differentiating (2.7) 


L ^ 

i dt 


For (2.4), (2.7) and (2.8) we obtain 



(2.8) 


1 di ^ , i 
7 ~ ^ - 

* dt tio 


bat 


+ Abe, 


( 


L 

— — A log i/io — Bi + C 

where 

B= ^ ) 

C= Abeo\ 

Equation (2.9; is difficult to be solved mathematically. It is easier to find a 
solution by graphical method. Separating the variables and integrating 
we obtain. 


'2.9; 


I2.10) 


t — 



di 

log 7 -Bi^-C 1 


(2. II) 


In order to compute the value of this integral numerically, we have to 
estimate the values of the constants A, B and C. 

Immobile Adsorption. When the adsorbed particles are immobile we 
have from the theory of absolute reaction rate 


rate of adsorption » N„N, 


^ JjL 

h • /7 


afetx'fAl, M* . ifi, 
h /,// 
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where Number of vacant places available for ad sorption /cm® 

/« “Complete partition function of particle in the adsorbed state, 
and fo% f-a, T, E, and i have the same meanings as in mobile adsorption. 

Rate of desorption = fcT/ 3 JVe-®'"'’’, /3 and £' having the same meaning as in 
the case of mobile adsorption. We can write 


dN 

dt 




kT 

h 


io. ^ -fi/AT _ kTfiNc =anV,, - AN 

J uf s 


where 


< 2 . 12 ) 


h hfs 

We assume that 

N = I.e and N ,=L‘i-e) 

f 

lixpressing (2.12; in terms of 6 

^ = — — —ai — 6 { A CKi) 


(2.13J 


^2.14) 


Eliminating 9 in terms of i with the help of equation ^2.7), 

^ . log 4 - bOo 

— ^ 4 ^=(Xt + j- (ai + A} 

hi di o 


(2.151 


Thes can be rearraged and rewritten as 

-- —<K{b 9 — b + log io) i — log i — A log i + A kOq b + log io) 

i dt 


= Bi — log i \ 0 ^t + A) + C 

where 

li = <xf 6^0 — b + log to' i 
C — A{ bOo + log io ! ) 

Integrating (2.16), 


(2.16) 


(2.17) 


t 



di 

t[ 7 h — log i(«i + /"!) + C] 


(2.18) 


To evaluate the integral numerically, we must estimate values of 
o. A, B and C. 

DETERMINATION OF CONSTANTS AND 
NUMERICAL C O M P U T A T 1 O N 

(a) Mobile adsorption. We note that there is no time variation of 
current when the value io has been attained, i. e. ,for i = to, =0 


7— i778P-^ 
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Substituting this boundary condition in (2.9), we obtain 

6'= Bio 

Integral (2.11) can therefore be rewritten as 



dt 

i[ + A log T- +B(io — i)] 



di 

a -A logi-Bi + CV 


• •• 

••• ^3*3) 


where 

C' = Bio + A log to ... (3.3) 

We now proceed to estimate the values of ^ 4 , B and C, for particular 
cases of decay. 


We note that values of A and C' can be calculated in terms of B by 
means of (2.11), (3.1) and (3.3). Let us, therefore, estimate the value of 
B first. 


For mobile adsorption the gaseous and activated particles will have 
almost identical degrees of rotational and vibrational freedom. For 
evaluation of the ratio fotfo we are thus left with the consideration of the 
contribution due to translation alone. Since there are three degrees of 
translation in the gaseous state and two degrees in the activated state. (Fide 
Glasstone et al, 1941).. 


with 


fa V ajrmfer 

T‘=iooo°K and m ^ 10 — 100 atomic units 


fo 

fa 


10 


.-9 


also —^*^3 X io'\ It remains only to find a probable value of b and «. 

At < = 6 = 0 and (say) 

From {2.7) 


to 


see 


ho. 


Let us assume that the decay is such that ^=10 and too. It may be noted 

to 

that the usual value of the ratio between the pulsed and d. c. current 
obtainable from an oxide cathode is roughly of- this order. We thus get 

for ^=^100, b0o«**4.6 

to - 


andforj^^io, btfo®*2.3 
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We have no information about It may be noted that value of B is 

determined mainly by « and L. It does not change appreciably even if 6o 
is varied over a range .i to i. So let us put 0 = 's so that 

for ^ = ioo, b = 9.2 
^0 


and for ^ = lo, 6 = 4.6 

To determin a' we must have some idea about the partial pressure 
of the adsorbed gas. Ordinarily, the pressure inside a valve is of the 
order of io“®mm of Hg. It is di^cult to estimate the partial pressure of 
the poisoning agent unless we kdow something about its nature. Without 
entering into any discussion about the precise nature of the poisoning agent, 
let us assume that the initial pai^ial pressure of the poisoning agent inside 
the valve is of the order of io“Pmm of Hg. On application of the anode 
voltage, the pressure suddenly increases to a high value />,. It then decreases 
as the current decays and attains a final equilibrium value such that 

ill 

p2 *0 

and io“®mm > p»> io~®mm. Let us assume that p^ is greater than the initial 
partial pressure by about an order. On this assumption we obtain 

aea<2 X io*/amp. 

For a fully bare surface L is to** — 10’®. We, however, note that the 
cathode surface may be already covered by Ba and oxygen to a large extent. 
In that case the full surface will not be available for adsorption. If i/ioth of 
the surface is only available L will have a value of 10** — 10*®. If i/iooth of 
the surface is available then L will be between 10'* and to**. We will try to 
obtain solutions for all these three values of L. For a rapid process and 
also for the case when the adsorbed particles are atomic, the energy of activa- 
tion is very small. These conditions probably exist for the short-time decay 
that is observed. Such decay, however, shows a slowing down with lowering 
of temperature. This suggests that energy of activation should be appreciable. 
Blewett (1939), who ascribed the decay to diffusion inside the body of the 
oxide, found that the activation energy of diffusion is about .7 volt. Rate 
of diffusion and adsorption are expressible in the same form., viz,. Re 
and, if it is ascribed to adsorption, the activation energy should come out to 
be of the same order. Blewett, however, confined his calculations to decay 
which lasted for several minutes and as such his results may be taken as the 
upper limit of the usual values. For decays which occur within a few micro- 
or milli-seconds, a value of .2 to .3 volt might be a more balanced estimate. 
In the absence of any precise data on the relative rates of decay at various 
temperatures a more correct estimate is not possible. That the energy of 
activation for short-time decay is not large compared with the thermal energy 
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of the particles is also shown by the fact that activity of the cathode is 
quickly restored when the plate voltage is switched off, a pulse recurrence 
frequency of even 300 with several tens of micro-seconds duration being 
unable to affect any change in the pulsed current. We thus conclude that 
while for long period decay E may be large, for short time-decay its value 
will be within the range of o — .2 volt. Attempt w’ill be made to obtain 
the solutions for the two cases when E = o and E = .2 volt. 

Values ot A, B and C', calculated for various values of L and E, have 
been shown in Table 1 . 

Solution of equation (3.2) obtained with the various sets of values of 
the constants have been shown graphically in figures i — 4. 

It may be noted from Table I that the value of A is always less than 
that of B by more than an order. If, therefore, as a first approximation 
we neglect the term A log i / io in the denominator of the r. h. s. of equation 

(3.2), we obtain 

J Bido — i, 

This is readily integrable and it can be easily shown that the final 
solution is 


where 


and 


io 

I — * 


D 


im 


at / = o, i-im 


^ 3 - 4 ) 


(3.5^ 


Time required for the current to fall 
given by 


to — th of its initial value is 


r = 



tPL. 

im io 


(3.6) 


and this may be defined as the ‘time constant’ of the decay. As an exmple, 
we may take the case of the set No. 3. in Table I, i.e., the case of adsorption 
with zero activation energy on a surface whose i/ioth part is available for 
adsorption and which leads to a decay of current from 10 to . i amp. 

For this case, 

Taa<io“* sec 

This agrees well with the value observed for the pulsed decay of current.” 

fb) Immobile adsorption : — 

If we assume ^ — 0 for t = o we obtain from (2.14) 
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so that 


(3-7; 


C 





(i—$o)(b 9 o + logi 0) 


) 


When the adsorbed particles arc immobile, and prcsnmably also are 
the activated complexes, /« and f, will not have any coutribiiiion due to 
translation. Rotation can also be neglected. f„ will have contributions due to 
three degrees of translatory motion* If the jiarticlcs are atomic there will 
not be any contribution to it du^ to rotation and vibration and we can 
therefore write 


/■> I h'bi, 

fafs ‘''i27tmkTfl~bt 


where 60 and b , are the contribution to /o and respectively due to vibration. 
Taking the ratio boib, as sensibly equal to unity 


value of will be the same as in the case of mobile adsorption if the same 
values of current and pressures are assumed. For the same ratio of to io 
the values of b and will also be the same as before. The constants A, B 
and C can therefore be calculated. These are given in Table II. The rate of 
adsorption comes out as independent of L. It shows that the rate of acti- 
vation must either be independent of the amonnt of vacant space available 
or that the theory developed is applicable only to a fully bare surface. If 
the former conclusion is correct, then the results obtained should be taken at 
their face values. If, however, the latter conclusion is correct, then a modi- 
fied theory for a. partially covered surface should be developed. It is likely 
that the modified theory would give a lower rate of decay compared to that 
given by the present theory. As will be seen presently, the present theory 
gives too low a rate of decay compared to the experimentally observed values- 
Results obtained from the modified theory are, therefore, likely to be in worse 
agreement with experimental facts. 

RESULTS AND THEIR DIvSCUSSIONS 

Results obtained with different sets of values of A, B, C etc., in Tables I 
and II are shown graphically in^Figs. i, 2, 3 and 4. Curve i in Fig. i is for 
the following set of values : 

ii„*io, ^0 " ^ and E—o , 
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Table I 



L (amps) 1 

(amps) 

B 

3 ' 

1 

b 3 

A 

B 

C 

a 

z 

lO 

1 

.1 1 

io« 

o 

+8 

3.68 X 10* 

+ 3.68 X 10* 

Z.84X10 

2 


>* 

It 

.2 

48 x lo'i 

3.66 X 10' 

+3.68 

Z.84 

3 

tt 

• f 

io '3 

O 

+8xto'> 

3.68 X 10* 

+3_68 

1.84 

4 

1 1 

n 

ft 

.2 

+8X10'* 

3-68* 

+ 3.68X10"^ 

z.84 ^ 

5 

»» 



O 

+8X10'* 

3-68”' 

+ 3.68X10“! 

1.84X10“! 

6 

»• 

• » 

f t 

•2 

+8x lo'* 

3.68 X 10"* 

+ 3,68 X io“2 

1.84x10-2 

7 

lO 

I 

10^2 

O 

+8X jo' 

1.84X102 

+ 1.84x102 

1.84x10* 

8 

tl 

f » 

»» 

.2 

+8 

1.84 X 10^ 

+ 1.84 X 10! 

1.84 X iq! 

9 

>1 

If 

IO« 

o 

+8 

1.84X10^ 

+ 1.84 X iq! 

I 84 X iq! 

zo 



»9 

• 2 

+8xio-> 

1.84 

+ 1.84 

Z.84 

zz 


»» 


O 

+8+10”' 

1.84 

+ 1.84 

Z.84 

Z 2 

»* 

*• 


.2 

+8X10”* 

1.84 X lo'l 

+ 1.84 X 10'! 

Z.84 X 10"! 

13 

z 

.z 

I0l2 

0 

+8 

1.84 X io 2 

+ 1.84 X 10! 

0 

14 


• > 

If 

.2 

+8 X lo”' 

X.84 X 10' 

+1.84 

0 

15 


If 

Io ’3 

O 

+8XIO”' 

1.84 X ZO^ 

+ 1.84 

0 

z6 

f ) 

• f 

1 1 

.2 

+8 X lo”* 

J.84 

+ 1.84 X 10"! 

0 


tf 

M 

10^4 

O 

+8 X lo”* 

1.84 

+ 1.84 X io“! 

0 

x8 

• 1 


If 

.2 

+8X10”* 

1.84 

41.84X10-2 

0 


Table II 



I* 

1 

1 

e 

E (volts) 

a 

A 

B 

c 

Z 

10 

B 

0 

4 Xio”S 

4 X io“® 

-*2.76 X IQ-* 

9.2 X IO“® 

2 

*» 


.2 

4X10”® 

4X10"^ 

— 2.76 X lo'S 

9.2 X 10"^ 

3 

xo 

.1 

0 

4X TO-** 

4 X lo"® 

— 9.2 X io“® 

9.2 X io“® 

4 

• 9 

*» 

.2 

4 X 10'® 

4 X JO-® 

-“9*2X10“® 

9.2 X lO“® 


n 

.1 

0 

4X10-® 

4X10-® 

— 1.84X10“^ 

0 


■ 

• 9 

.2 

4XZO-® 

4 X ZO"’ 

— z.84 ^ 10'“^ 

a 
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Fig, I 

Decay curve for mobile adsorption ; 

(i) lw=»io amps, lo**i amp; (a) lm=*io amps^ lo = i amp. 

The time scales are (I) txio^ sec. {ii) txio^ sec. {Hi) txio^ sec. 



Fig. 2 

Decay curve for mobile adsorption, E =,2 volt 
(i) i«,«io amps, lo— i amp; (al amps, l.a»i amp. 

The time scales are (i) t x xo^ sec. (ii) t x lo^ see. (Hi) t X xo* sec. 
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and curve st, for 

im=“ lo, to=*i and E — o, 

The topmost time scale is for the case when L=io**, the middle scale 
for L«io^» and the lowest scale for jL = lo>^ Fig. a. is for the same sets of 
values with £=.3 volts. Fig. 3 is for the case 

*m=i, io~,i and £*o. 

Here again the topmost time scale is for JL = io*“, the middle scale for 
L-io^" and the lowest scale for I, = 10’* .Fig. 4 is for the case of immobile 
adsorption with the following values|| 

im = io, == .1 and /? = o. 

'This last curve shows that for a ioo i decay of current to be observed 
with immobile adsorption a time if the order of a few minutes is required 
even if the energy of activation is ta jten as zero. With a value of .a volt 
for the latter the decay will be a |natter of about an hour. Although such 
time interval is often observed when |he poisoning agent destroys the activity 
permanently, it is unknown to th^ recoverable type of decay. It might 
therefore, be concluded that immobile adsorption can cause only permanent 
decay and that during a time period of the order of 10“'* — io~* second such 
a process cannot proceed to any material extent. 

Let us now examine the curves for mobile adsorption. The common 
feature of all the cuivcs under this category is that the bulk of the decay 
takes place within a very short time interval of the order of 10"^ — io~* second* 
This is followed by a much slower rate of decay which lasts for .1 to a few 
seconds. An initial rapid decay of about 10“* second is found to occur for 
the following cases. 

L=io** and E= o; L=io^® and £ = .2 

t.e., either for a surface whose I /looth part is available for adsorption and 
energy of activation is zero or, for one whose i/ioth part is available for 
adsorption and energy of activation is of the order of .2 volts. The nature 
of the adsorbed poison in both the cases should be such that during the 
process of decay its partial pressure should vary from io~* — 10“^ or io“" mm. 
of mercury. 

Let us now examine what kind of poisonous particles liberated from 
the anode can affect change in emission current to a remarkable extent 
for a variation of partial pressure through this rauge. Whatever be the 
nature of these particles, it is certain that they find their way on to the anode 
during the period of activation of the cathode, as is also indicated by the 
experimental results of Wright (1949). Substances which are generally 
liberated from an oxide coated cathode during activation arc CO, Ba, BaO 
and oxygen. CO is liberated through the reducing action of carbon con- 
tained as an impurity in the core of the cathode. Pulsed decay has, however, 
been observed in cathodes whose cores arc free from carbon impurity. It 
8 — r778P— 4 > 
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is therefore likely that CO does not cause the decay. Sproull obtained 
appreciable decay with a core which contained a very small amount of 
silicon as impurity. Silicon is an efficient reducing agent which liberates 
free Ba by the reactions 

aBaO + Si ■■ — ■ > SiOs + aBa 

Si(^2 + BaO — > Ba SiOa 

Hquilibrium pressures of Ba for these reactions at 1000° K is pretty high, 
about io~* cm (White, 1949)- As the pressure necessary for causing the 
short time decay is also of the same order it is unlikely that Ba can cause 
the decay. For a decrease of pressure through i order near about the 
equilibiiuni value will require a large time interval and as such, short period 
decay is unlikely to be linked with Ba. Further, most generally accepted 
theories of thermionic emission from oxide cathode tell us that Ba is the 
active element responsible for emission. De Boer, in fact, assumes that 
isolated Ba atoms on the oxide-vacuum interface are the seats of emission. 
A decay in emission due to adsorption of Ba on the surface is therefore, Un- 
conceivable. BaO is liberated by evaporation from the surface. At 1375” K, 
the vapour pressure of BaO is about io~* cm. of mercury which ducicases 
to about 10”’* cm. at 1000° K. (White, 1949 ; Blewett 1939). A process 
i nvolving change of partial pressure from io~® to 10”^ or io~“ cm. at 1000° K. 
will occur well before the equilibrium state and hence a marked change 
accompanied by a 10 : i or 100 : i variation in current might become 
possible. Evaporation from the surface is, however, present all the while 
and is not particularly enhanced during activation. Further, even if 
appreciable deposit of BaO on the anode occurs, it is very likely that it will 
breakdown under the impact of oncoming electrons giving rise to free Ba and 
oxygen. 

In the absence of any extreme reducing agent, oxygen is liberated by 
the dissociation of BaO according to the reaction 

2 Ba O — > 2 Ba + O2 

Equilibrium pressure of oxygen at 1275“ K is of the order of 10"*® cm at 
iooo" K, 10“** cm of mercury (White, 1949). It would thus appear , that at 
any given temperature evaporation of BaO would be a more pronounced 
effect than dissociation. The latter process, however, takes place both from 
the surface and in the volume of the oxide. ]I)uring activation, oxygen 
liberated within the body of the oxide is urged towards the surface eleclroly- 
lically and under this external stimulus the rate of loss of oxygen from the 
surface is enormously increased, which increases the pressure inside the 
valve, an increase of pressure to io“* cm of Hg or so being quite general. 
Contamination of the anode by oxygen during activation is therefore likely 
to be heavy, and attainment of a pressure near about io“* min. due to the 
subsequent release of the particles under electron bombardment is also |K)s- 
S^ble,’ Silted this ptessure lies far away from the equilibrium pr^sure for 
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dis«>ciation, changed involving variations of lo : i or too : i in emission 
within a very short time is also possible. This conclusion is further streng- 
thened by the fact that oxygen is known to have a very adverse effect on 
tbetmionic activity of an oxide-coated cathode. 

Another posoning agent, likely to be released during activation is 
chlorine. This happens when tl« glass envelope and the electrode assembly 
are contaminated with HCl. The reaction is 

I 

4 HCl + oi — > a HaO + a Cla 

Water is carried away by the tv'np and chlorine might remain adsorbed or 
as chloride in combination withfany other metallic ions on the anode. It 
may also be noted that decay was cAserved by Feaster (1949) with an anode 
contaminated with NaCl and N^. Ordinarily, however, the probability 
of contamination with oxygen is miich higher than that of chlorine. 

It therefore, appears that the siort-time decay effect, in all probability, 
is connected with oxygen and w a lesser extent with chlorine and BaO. 
In further discussion it may be assumed that it is oxygen which is respons- 
ible for the decay. X-ray study shows that (Finemau and Eisenstein, 1946, 
Wagener, 1948) the surface of the oxide-cathode is composed of well-defined 
lattice of BaO when fully activated- A layer of Sr (3 appears gradually as 
the cathode becomes more aged. The BaO lattices are not, however, perfect. 
There are many places which are deficient either in Ba or in oxygen giving 
rise to lattice defects. Regions with oxygen deficiency are, however, very 
large compared with the regions with barium deficiency (Wagener, 1948). 
It is not unlikely, particularly in view of the lapid rale of loss of oxygen 
atoms during activation, that region of oxygen deficiency would constitute 
roughly from .1 to .oith part of the total cathode area. Now, when adsorp- 
tion occurs, it is likely that it will be mostly confined to these regions. 
Deduction that the observed time of decay also agrees with theoretical calcula- 
tions when L, is taken less than lo'^, therefore, receives a very simple 
explanation . 

Eet us now examine if this picture of mobile adsorption of oxygen, 
mainly on the oxygen vacancies on the cathode surface, can explain the out- 
standing properties of the pulsed emission. These properties are the facts 
that : 

{%). Rate of decay is accelerated with increasing anode voltage and 
increasing anode current. 

(ii) Rate of decay is slower at lower temperature. 

(iii) Pulsed work function is equal to or higher than d.c. work func- 
tion. 

(iv) Deviation from theory of Scottcky-effect is larger for pulsed 
emission. 

(v) The short-period decay is observed best in aged cathodes. 
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[vi) Good pulsed emitters aie also good d.c. emitters but tiie rever«Je 
is not always true. 

{vii) Rate of decay is independent of thickness of the coating and 
{via) Pulsed decay of emission current is also accompanied by an 
almost similar decay of coating conductance. 

An explanation for {*) may be suggested by assuming that in (3.1.) 
increases with increase in anode voltage. In previous calculations value of a' 
have been determined from an assumed value of pre.jsure. In actual physical 
process, it happens the other way round, i.e , the value of determines 


the pressure. The greater the anode voltage, greater w'ill be the energies 
of the electrons bombarding the anode and hence the larger will be the value 
of N„ and hence of It is easy to see from equation (2.10) that this will in- 
crease the value of B and hence diminish the value of dtfdi. In other words, 
this will increase the rale of decay. It is also evident from (2.9) that dt/di 
would decrease with increasing value of i, which might account for the higher 
late of decay for larger currents. This is also evident from a Comparison of 
curves I , in figures i and 3. Assuming that a small but finite energy of 
activation exists for the process of adsorption, an explanation of {it) is readily 
obtained. It should be noted that the non-exponential factor of (2.5) also 
varies directly as the square root of temperature. Thus with the decrease in 
temperature, value of B would decrease and that of increase. Thus 

due to this factor as well, rate of decay would be slowed down at lower 
temperature. However, this slowing down is likely to be almost of no 
consequence, compared with that caused by the exponential factor in the 


presence of a finite value of activation energy. A tentative explanation of 
(Hi) can be suggested if we assume that the region on the oxide surface 
where oxygen is in deficit are also regions of higher work functions. Since 
these are the regions where adsorption is mainly confined, at the end of the 

higher work function almost cease emitting and we 
emitting surface of lower work functions only. Under d.c. 
conditions we measure only this work function. Under pulsed condition; 
?u 1 ® measure the effective work function due to both 

the higher and lower values. D.C. work functions thus appear slightly 

lower than pulsed work function. This explanation is merely a suggestive 
one and there remains room for further development. 

Accepting the explanation for work function, one can also readily ex- 
surfaces of higher woik function by adsorption renders 
A? the ““ ‘k^miooic activity is coo- 

deviation trVm Sch^tkyVtt^ 

Explanation of (v) is very easily suggested. Good d.c. emission may be 
obtain^ from a surface which has been affected to some extent by immobile 
adsorption. For these, there will not be any spectacular difference between 
the pulsed and the d.c. emission. A good pulsed emitter would be one with 
no initial effect due to immobile adsorption and with a very small fraction of 
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its area having: a higher work function, (i.e. area having oxygen deficit). 
Such a cathode will have little space for mobile oxygen adsorption and hence 
d.c. emission will also be very high. For such cathode, probably work func- 
tions for pulsed and d.c, emission will not be very much different and a 
small but extremely rapid decay will be observed. This may be tested expe- 
rimentally. 

The theory requires that the rate of decay should not have anything to 
do with the thickness of oxide coati||g which agrees with (ui) 

Diminution of coating couduct^ity with emission decay, i.e. (vii), may be 
due to increased insulation of the potion of the coating, bounded by the re- 
gion of surface over which adsorpti<|n occurs. 

That the short-period decay i^ more prevalent in aged cathode, i.e. (7>iii) 
can be explained on the assumptii»u that with aging the regions having oxy- 
gen deficit are affected by long-peryd immobile adsorption. Thus the values 
of must diminish with time. I'his will increase the value of B and hence 
diminish the value of dt/di more s4 during the initial stage when the curr- 
ent is high. Very short time effect therefore appears as the cathode gets 
aged. However, a simulataneous decrease in the ratio of pulsed to d.c. 
current should also be observed. Experimental works published so far do 
not mention this effect. The point should therefore be experimentally tested. 

The picture of surface adsorption as the cause of emission decay does 
not appear to accord well with the Wilson -Fowler semi-conductor model of 
emission, but seems to agree more favourably with emission mechanism sug- 
gested by de Boer, according to which emission takes place from isolated Ba 
atoms on the surface of the oxide. 

According to the mechanism suggested, the current should remain 
steady for some time till the arrival of the poisoning agent from the anode. 
The current pulses should, therefore, have a squre-topped appearance at the 
initial stage for a time period of the order of micro-second. This is perhaps 
the reason why steady current pulses are always obtained with voltages of 
micro-second duration. 

A point which is open to criticism is the assumed values of partial pres- 
sures of the adsorbed poison at the beginning and at the end of the decay 
process. In particular, the Values of io“* mm of Hg assumed at the initial 
stage for some of the cases might appear to be rather high. A lower value, 
on the other hand, would give a lime of decay of the other of io~* sec. or 
higher still if the value of E is appreciable. Such value does occur for some 
cathodes but a lower value is also obtained for many. It may, however, be 
noted that the values of partition functions have been calculated approxi- 
mately. Rigorous consideration of contributions due to vibration and 
rotation is likely to give concordant results with lower values of partial pre- 
ssures* Further, the relation between ^ and i is based on Becker’s results 
which in all probability were for immobile adsorption. Mobility of adsorbed 
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particles is likely to affect the average emission current mm'e adversely* , A 
better ^ — i relationship might also give results consistent with experimental 
facts for lower values of partial pressures. 

Mobility of adsorbed particles and low energy of activation which seem 
to be essential conditions for agreement between theory and experiment 
indicates that the adsorption is more of physical type. As the tethperature 
is sufficiently high, activation with high energies is also likely to cccur. This 
might, however, be an immobile process involving a very long lime adsorp- 
tion. The possibility of existence of such adsorption has been 'pointed out 
already. 


CONCLUI>ING REMARKS 

We are therefore, in a position to conclude that if pulsed decay of 
current is due to adsorption of gases liberated from the anode, it is likely to be 
due to oxygen which remains mobile after being adsorbed on the cathode 
surface. 

It is to be admitted that numerical values of some of the constants used 
in calculation involves uncertainties. Because of this agreement obtained 
between theoretical and experimental results would appear to be more 
on the qualitative side. For quantitative results one must await the 
the availability of more precise experimental data. It is, however, likely, as 
is evident from some of the results already obtained, that the phenomenon 
does =not involve any fundamental change in the structure of the cathode and 
that this will not necessitate the formulation of a new theory of emission 
from oxide-coated cathode. (Deb 1949; Feaster 1948.) Some of the earlier 
workers on the subject obtained results which did not support this idea. 
But these results have not been confirmed by other and a systematic 
investigation of the pulsed and d. c. emission properties of the same cathode 
in all their aspects should be made to test their contention. Other experi- 
mental tests might include 

(i) measurements of pulsed and d. c. work function of efficient pulsed 
emitters. 

(ii) measurement of variation of the ratio of pulsed to d. c. emisson of 
a carthode as it gets aged. 
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STUDIES IN FADING OF MEDIUM-WAVE RADIO SIGNALS 

By B. a. P. TANT^^RY and S. R. KHASTGIR. 


(Received for puH^ication, December g, 1950} 

i 

ABSTRACT. In the present invewgation, intensity variations of the down-coming 
waves of medinm radio frequencies fittm Delhi, Dacca, Dahore and Vijayawada Broad- 
casting stations as received at Banaras w«e studied in the evening and early night hours, 
there being no ground waves from {hele distant stations at the receiving point. Medium- 
wave signals from Lucknow, Patna and fAllahabad Radio Stations were also received at 
Banaras and their intensity variations iniestigated. 

The observations were made with a Itraight receiver having a suitable galvanometer 
in the balanced anode circuit of the detector valve. In most cases visual observations 
of the galvanometer deflections due to thf varying intensities of the signals were made. In 
a few cases only the galvanometer deflections were recorded photographically on a rotating 
drum system. 

The following fypes of fading patterns were observed : 

(f) Periodic or q«asf-periodic fading of slow and quick periods. 

(ii) Random fading. 

Regarding the observed periodic or quasi-ptriodic fading, there were two distinct 
orders of periodicity. The ‘slow’ periodicity has been attributed 1 3 the interference of the 
ordinary and extraordinary components of the wave in the ionosphere as described by 
Appleton and Beynon (1947). The comparatively ‘quick* periodicity, which was also 
frequently observed, has been considered as due to the vertical movement of the ionospheric 
layer which usually takes place in the early morning or in the evening or early night hours. 
The D^pler-heat interpretation of this type of periodic fading is outlined and the expressions 
for the periodicity given. 

The vertical velocity of the ionospheric layer, as computed from the DSppler-beat 
cmisideration of the so-called ‘quick* periodicity, was found to be of the order of 3 5 
metres/sec. during the evening or early night hours. 

With regard to random fading observed with signals from distant stations, the analysis 
showed that the actual distribution curve did not agree with the Rayleigh’s formula for 
random scattering. Rayleigh’s formula is applicable to one downcoming wave only. 
With longer distances the existence of a number of waves following slightly diflerent paths 
in the ionosphere may partly explain the discrepancy between the observed results and 
those computed from Ravleigh’s formula. For more distant stations, more than one peak 
in the cflMerved intensity distribution curve were observed. This must be due to the simul- 
taiMOBS single and double reflections from the R-layer. 

introduction 

It is generally known that with medium-wave radio signals from distant 
atationS|the intensity-variation is of a random nature. With shhrt-wave 
hewem, periodic or quasi-periofUc types of intensity variatioB ate 
heiMdee the random type of fa4ing. The object of the prea^^ 
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investigatioxi was to find whether any periodic variation prevailed in the 
reception of medium-wave signals from distant stations and to obtain a 
detailed knowledge regarding the nature and origin of such periodic fading, 
if and when it was observed. The object was also to analyse the random 
type of intensity variation observed with medium-wave signals. Signials 
from some of the broadcasting stations of medium wavelengths in India and 
Pakistan were therefore received at Bauaras in the evening hours after sunset. 
The names, wavelengths, powers of these stations and their distances from 
Banaras are tabulated below. 


Table I 


No. 

Broadc^tixjg: 

station. 

Power in 
kw 

Wavelength 
in metres. 

Distance from Banaras 
in km. 

1 

Delhi 

1 

10.0 

338.6 

680 

2 

Dacca 

5*0 

257-1 

775 

3 

Vijayawada 

I.O 

357.1 

1050 

4 

Lahore 

5-0 

276.0 

1145 

5 

Allahabad 

I.O 

389.6 

120 

6 

Patna 

5.0 j 

1 

265.3 

224 

7 

Lucknow 

5.0 1 

293.5 

1 

268 


In the case of the first four stations, the ground waves do not usually 
reach Banaras even in the night time. For the last three stations, ground 
waves are present along with the sky waves at the receiving station. 

The usual modulated waves, when the programme was on, were studied. 
Measurements were made on a specially constructed straight receiver with a 
mirror galvanometer in the anode circuit of the detector valve, the steady 
anode current of which was balanced out. The galvanometer deflections 2 
were noted at regular intervals of lo seconds continuously fora long interval of 
time. -An attempt was also made to record photographically the galvano- 
meter deflections for varying intensities of the signals on a rotating drum- 
system. 

In the present paper, the fading of signals, as indicated by the gal- 
vanometer deflections noted at intervals of lo seconds, has only been considered. 
The observed periodic patterns have been classified and the origin of the 
fading pattern has been fully discussed. 

BX PB&IMB N T A I, ARRANGBMBNTS 
(a) Rsceiver teith £€Uvanpmeter at the delector output : 

The circttit diagram of the receiving Set used in the investigatickh is 
ip 'figure x, An outdoor aerial was used with the receivhig set, fteg 
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followed by a transformer-coupled detector valve {iNs-Gy. A suitable 
current-sensitive mirror galvanometer was inserted in the anode circuit of the 
detector valve. The galvanometer was shunted by some suitable resistance 
and there was the conventional arrangement for balancing the no-signal 
anode current by sending a current from a storage cell through a vai'iable 
resistance to the galvanometer in the opposite direction. The detector valve 
was followed by an R-C coupled I<.F. amplifier (1C5-G). The loudspeaker, 
which was connected through an output I#.F. transformer to the anode circuit 
of the I<.P. amplifying valve, was used for the aural response of the signal 
and was found extremely useful for tuning purposes. 

(b) Calibration of the receiver and calculation of the field-strength 

in some cases. 

The receiver was calibrated in the usual way and the calibration graphs 
were drawn showing galvanometer deflections for different input voltages 
for the various frequencies corresponding to the broadcasting stations which 
were received for the study of signal variations. It is to be noted that for 
each frequency, the curve is almost linear, except for very small and large 
input voltages. 

The relevant characteristic curve was used to find the induced voltages 
due to different signal intensities in any set of experiments. For the purpose 
of determining the field-strength a tuned loop aerial was worked with the 
receiver and the field-strength was calculated with the help of the standard 
formula. 

EXPERIMENTAL RESULTS 

. With signals of medium wavelengths from distant broadcasting stations 
(Delhi, Dacca, Lahore and Vijayawada) from where ground*-w aves could not 
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reach the receiving station, the fading patterns observed in the early night 
hours were of the following types : 

(i) Periodic or quasUperiodic fading. 

(a) With a slow period. 

(b) With a comparatively quick period. 

(c) With a combination of slow and quick periods. 

(«') Random fading. 

With signals from I/Ucknow and Patna, which are not too distant to 
transmit ground waves to a certain extent during the night hours, the above 
types of fading were also observed. With signals from Allahabad, which is 
only at a distance of 120 km. from Banaras, random fadi ng was most fre- 
quently observed. Only in a few cases there was evidence of a quasi-periodic 
variation of somewhat rapid period. 

(t) Periodic or quasi-periodic fading : 

It is to be noted that there were two distinct orders of periodicities in the 
fading patterns : one a very slow periodic variation, the periodicity 
ranging from about 3 to 8 minutes (the quasi-frequency range being o.z2- 
0.31 cycles per minute) and the other* a comparatively quick ^riation, 
the periodicity of whjich ranged from about 25 to 110 seconds (the quasi- 
frequency ranging from about .55-2.5 cycles /minute). Both types of periodic 
fading were observed with the signals from the distant stations, viz, Delhi, 
Dacca, Vijayawada, Lahore and Lucknow. With the signals from Patna and 
Allahabad which are near Banaras, only the quick periodic type was 
observed. 
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RefMreaetitative slow and quick periodic patterns, observed with the 
signals from the distant stations, are shown in figures a-6. Figure 7 illustrates 
some observations showing the slow periodic type with quicker periodicity 
superposed on the slow one. The quick periodic patterns observed with 
Patna and Allahabad signals are shown In figure 8. 

Actual field-strength variations, lis determined from the calibration 
curves and the field-strength formula f<tr two typical sets of observations, are 
illustrated in figure 9. I 



Fig. 7 
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Xhe qoasi'frequeocy and other details of the observed periodic patterns 
are given in Table II. ' - 

Tabi,e II 


Date 

Time P.M. 

Periodicity in 
secs. 

Frequency in 
eyes. /minute. 

Remarks. 

T.S.T. 

Slow 

Quick 

Slow 

Quick 


DKtHI 







20 - 12-49 

24-12.49 

29-12-49 

1- 2-50 
j8- 1-50 

18- 1-50 

10- 2-50 

TO- 2-50 

6.40 — 6 55 

6.25 — 6.30 

6.25— 6.35 

5 - 13— 5-33 
5 - 30 — 5-30 
5.55—6.15 

7.21—7.30 
7 - 33 — 7-43 

200-195 

320 

320 

400-410 

140 

50-60 

30-45 

T07 

•30 

.19 

.19 

15 

.43 

J.TO 

1 - 5 ^ 

.56 

A = 338.6 metres. 
Banaras-Delhi 
distance 
=^680 km. 

Dacca 

27 - 12-49 

30-12-49 

Vijayawada 

3-5 — 5-35 

5.20 — 5.30 

260 

50-75 

•23 

•97 

A=257.i metres 
BanaraS-Dacca 
distance 
*775 km. 

27 - 12-49 
i8- 1-50 

t/AHORE 

7.1 —7.11 

6,3o — 6.50 

380-400 

109 

•*5 

•55 

Aa=357^i mettes. 
Banaras-V i j ay a wada 
distance 
= 1050 km. 

28-12-49 

17- 1-50 

IrfUCKNOW 

6.49—7,29 

6.38— ^.46 

260.480 

25-65 

.23-. la 

1-5 

A. =*276 metres. 

Banaras-Lahore 

distance 

«iT 45 

13 - 12-49 

24- 12-49 

25 - 12-49 
27-12-49 

27 -r 2-49 

6.10 — 6.20 
7.00—7.5 

7.20 — 7.25 
6.25—6.35 
^• 35 — 6-45 

190 

55 70 
40-70 
50-80 

70 

•32 

.96 

i.oq 

•93 

.86 

^-293.5 metres 
Banaras-Lucknow 
distance 

S268 km. 

Patna 







29 - 12-49 

29-12-49 

29-12-49 

29-12-49 

17- 1-50 

20- a-50 

10- 2.50 

5.20 — ^5.30 
5-30—5-40 
5.40—5.50 

5.50 — 6.00 
5 - 37 — 5-47 

6.38—— 6,48 

6.51 — 7,01 

1 

55 -^ 

50-70 

40-50 

20-30 

40-80 

50-60 


1.64 

1.00 

1. 00 

2-33 

2.39 

z.oo 

r.09 

A 9:265.3 metres. 
Banaras-Patna 
distance 
«>224 km. 

AItMHABAD 







1 -2 -50 

7-33 


40 


1-5 

x» 589.6 metres. 
3 Qiaiiaraa- 
AUahalwd 
dMamoe 
->290 ku. 









225 


Stadie, in Fading of Mcdiam-wave Radio Signal, 




Fig. lo 

(n) Random fading of medium-wave signals 

The random fading curves for some of the distant stations from which 
the ground waves cannot reach the receiving point are shown in the figure io. 

ORIGIN OF PERI O D I C F AD I N G 

With regard to the periodic or quasi-periodic type of fading observed 
usually with short waves, it is now known that there are two distinct condi- 
tions under which the periodic type of fading can be observed. Appleton 
and Beynon (1947) have shown that the interference of ordinal^ and extra- 
ordinary components of the wave caused by magneto-ionic splitting gives 
a— 1778P— 5 
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rise to a periodic fading at a time, usually during the evening or early 
morning hours when there is a continuous decrease or increase of electron 
density of the ionospheric layer. The slow periodic fading is usually 
associated with the interference between the lower-trajectory ordinary and 
extraordinary waves. The rapid periodicity arises only when the upper 
trajectory ordinary wave (which is often termed the Pedersen ray) is received 
along with the lower trajectory ordinary and extraordinary waves. 
For this interference of magneto-ionic components, the electron density 
of the ionosphere should be just enough for a single reflection betw'een 
the transmitting and receiving stations. This means that the frequency of 
the transmitter should be in the neighbourhood of the maximum usuable 
frequency (M.TT.F.) for the particular reflecting layer and oyer the particular 
transmission distance. Under such condition, we may say that the Appleton- 
Beynon type of periodic fading is expected. The possibility of a periodic 
fading of a different origin under relatively high ionospheric ionisation, when 
the Appleton-Beyuon type of periodic fading is too slow to be discernible in 
the fading records, was reported by Bauer jee and Mukherjee (1949I and by 
Banerjee and Singh (1949) and later by Khastgir and Das (1950). Under 
conditions of high electron density, periodic patterns were observed and the 
periodicity was attributed by Banerjee and his colleagues to the interference 
between the two waves singly and doubly reflected from the same ionospheric 
layer or between the singly reflected waves from the two different layers, 
when one or both possessed a vertical movement pioducing a continuous 
change in the jjath-difference of the two interfering waves and yielding 
thereby intensity maxima and minima with a periodicity depending on the 
vertical velocity of the ionospheric layer or layers. Such periodic type of 
fading was usually observed in the evening or early night hours when the 
ionospheric layer tended to move upwards. 

An equivalent representation of the same phenomenon was put forward 
by Khastgir (1949) and this view-point was outlined as follows : 

With a vertical movement of the ionospheric layers in the evening (or early 
morning), when the ionospheric ionization is sufficient for the simultaneous 
single and double reflections from the same layer, it is evident that they will 
suffer different amounts of D6ppler change of frequency as they proceed towards 
the receiving point from distinctly different directions. Thus there w'ill be a 
difference in the frequencies of the singly and doubly reflected waves from the 
same moving layer. A similar difference in frequency is also expected in the 
case of simultaneous single reflections from the E and F-layers when both have 
vertical movement. In either case the two interfering waves of slightly 
different frequencies would give a resultant beat-note with a progressively 
increasing amplitude followed by a corresponding decrease in amplitude in a 
periodic manner. When the beat-note is received by the receiver, the output 
after rectification in the detector stage would constitute the envkope of such 
rwultant beat-note with one side wiped out. This would bp similar in 
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appearance , to a slow rhythmic fadinar, the periodicity of which would 
correspond to the difference in the frequencies of the down-coming 
waves as determined by the Doppler effect formula. It has been shown 
by Khastgir and Das fiqso) that the Doppler-beat interpretation of the 
observed periodic fading is essentially the same as the path-retardation theory 
of Banerjee and his colleagues. 

With regard to the periodic fading of magneto-ionic origin, it is 
extremely difficult to calculate the periodicity. In the case of periodic- 
fading due to vertical movement ^jof the ionosphere, when there are 
simultaneous single and double reflections from the same moving layer or 
when there are simultaneous single reflictious from both the moving layers, 
it has been found possible to obtain Expressions for the periodicity from 
Doppler effect considerations. | 

Considering the case when the |ingly and doubly reflected waves from 
the same layer proceed towards th4 receiving point, the quasi-frequency 
of the fading pattern is given by 

«= 7^' (2 cos ^2 — cos ^i) ... (i) 

where 0 ^ and 0 ^ arc the angles of incidence for the singly and doubly reflected 
waves from the same layer moving with a velocity, v in the vertical 
direction and A, the wavelength of the up-going waves. In the case of singly 
reflected waves from the two layers moving with the same vertical velocity v 
the quasi-frequency of periodic fading is given by 

« = icos 0, — cos ^1) ... (2) 

where and 0i are the angles of incidence at the K- and F-layers respectively 
for simultaneous single reflections. 

O K S E R V E 1:) PERI ( ) I> T C D I N G WIT H 

M E i:> I U M WAVE SIGNALS 

(a). Periodic fading of magneto-ionic origin 

In the present investigation the wavelengths of the medium waves ranged 
from 257.1 to 357.x metres and the distance ot the transmitting stations 
from Banaras ranged from 120 to 1145 km. In most cases, there was reflection 
only from the E-layer. The M. U. F. value for the E-layer for the average 
transmission distance would be in the neighbourhood of 3-4 Mc/sin the 
evening and early night hours. The frequencies of the signals were 
therefore very much less than the M. U. F'. value. It is therefore expected 
that the interference between the ordinary and extra-ordinary components 
would give rise to an extremely slow periodic pattern, if that is at all 
discernible. The slow periodic patterns (.12 to .31 cycles/ ndnute) observed 
in the investigation have been attributed to this cause. ' 
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ib) Periodic fading due to vertical movement of the ionospheric 

layer or layers 

The relatively quick periodic fading (.55 to 2.5 cycles /min) has been 
considered to be due to the vertical movement of the ionospheric layers 
during the evening hours. With medium waves it is possible to have 
both single and double reflections from the H-layer. In rare cases we may 
expect single reflection from the F-layer, when the E-layer is ‘patchy’ 
enough to allow penetration of the medium waves through it. The angles 
of incidence ^1 and 0.^ for the singly and doubly reflected waves from the 
same E-layer and also the angle for* the singly reflected wave from the 
F-layer are determined by taking the E-layer to be at a height of 90 km. 
and the F^ region at a height of 360 km. above the earth’s surface. 

Taking the values of ^1, O3 and 0i for different transmission distances 
between the transmitting station and the receiving station the factors, 
(3 cos ^2 — cos ( 9 , 1 and Icos 0i — cos 0i}, in the formulae (i) and (2) are calculated 
and shown in the Table 111. 


Tablf III 


To Banaras 

1 

(2 cos ^2 ““COS ^j) 

(cos — cos ^1) 

Delhi 

.68 

47 

Dacca 

.62 

.46 

Vijayawada 

.48 

.40 

Lahore 

•45 

.38 

Lucknow 

1.048 

*38 

l^atna 

1 .060 

•33 

Allahabad 

1.066 

•155 


Using formulae (i) and (2) with the relevant multiplying factors given 
in Table III, the vertical velocity of the ionospheric layer can be calculated 
from the observed frequency of the periodic fading patterns. The observed 
quick periodicity ranging from about 25 seconds to about no second 
(the corresponding quasi-frequency being. 55 to 2.5 cycles/ minute) is consi- 
dered as due to the vertical movement of the ionosphere when the singly and 
the doubly reflected waves from the E-layer (or when the singly reflected 
waves from both K-and F-layers) interfere. 

The calculated values of the vertical velocity for the various observed 
quick periodicities are given in Table IV. 

The vertical velocity computed from the observed quick periodicities 
according to the formula (1) ranges from 1.8 to 7-7 metres per second, the 
mean value being 3.6 metres per second. As this agrees fairly with the 
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Table IV 


Date 

Time P. M. 

I S.T. 

Tran Sill it tiiif* 
station | 

Observed 
quick fading 
in cycles/ 
mill, (mean 
value! 

lonosj 

vertical 

From (j) 
in /sec. 

)heric 

velocity 

From v2) 
ni/f^ec 

20-12-49 

6-40-6.55 

1 

Delhi 

^ *43 

1.79 

2.58 

24-3 2-49 

6.25-6.30 

Delhi 

J 1.09 

4*52 

8.02 

10- 2-50 

7.21-7.31' 

Delhi 

i 

6.50 

9*47 

JO -2 -50 

7 * 33-'’‘43 

Delhi 

1 -36 

2.33 

3-37 

30-12-49 

5-20-5.30 

Dacca 

! 

3.34 

4.51 

27-12-49 

7.01 7.11 

Vijavawa.la 

1 .55 

3 41 

4.10 

17- 1-50 

6.38-6 46 

Dahore 

i.Sn 

7.66 

9.08 

24-12-49 

7.00-7.5 

Lucknow 

.96 

2.26 

6.22 

25-12-49 

7.20-7.25 

Lucknow 

1.09 

2.00 

7.07 

27-12-49 

6.25-6.35 

Lucknow 

•93 

2.16 

5 '94 

27.12-49 

6.35-6.45 

Lucknow 

.86 

2.01 

5-52 

29-12-49 : 

5.20-5.30 

Patna 

1.04 

2.17 

6.97 

29-12-49 

5.30-5.40 

Patna 

1.00 

2.09 

6,70 

29 - 12-49 

5.40-5.50 

Patna 

1.09 

I 2 28 

7-31 

29.12-49 

5.50-6.00 

I’atna j 

J.30 

2.81 

S.93 

17- 1-50 

5 . 37 - 5-47 

i 

Patna 

2-39 

4 . 9 « 

16.00 

10- 2-50 

6.38-6.41 

Patna I 

1 

1 .00 

2.09 

6.7 

10- 2.50 

6.51-7.01 

Patna j 

1.09 

2.28 

7-31 

1- 2-50 

7 . 24 - 7-34 

Allahabad 1 

j 

1.50 

4.60 



approximate estimate from the ionospheric data, we are inclined to the view 
that the quick periodic fading was more often due to the interference of the 
singly and doubly reflected waves from the K-layer. 


RANDOM FADING OBSERVATIONS WITH DOW N-C O M I N G 
WAVES ONLY AND COMPARISON WIIH RAYLEIGH’S 
FORMULA FOR RANDOM SCATTERING 

Random fading, which was frequently observed with downcoming waves 
of medium wavelengths, was explained by RatcHffe and Pawsey (i933) as due 
to the random scattering of the waves from a large number of diffracting 
centres in the ionosphere. Late Lord Rayleigh deduced an expression for 
the probability of occurrence of any resultant amplitude on thte assumption 
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of a large number of couii)onents of random phases. The probability is 
given by 


P'ss. 


( 8 ) 


where R* — sum of the squares of the components and P'dr, the probability 
of a resultant ainr)litude between r and (r + dr). 

The actual distribution curves showing the number of observations for 
different amplitudes of the downcoming wave were drawn for the several 
random fading patterns obtained with medium wave signals from the various 
transmitting stations. The procedure was as follows : Taking amplitudes 
of the downcoming wave at regular short intervals of time (lo seconds), the 
whole range of observed amplitudes for a continuous set of observations 
was divided into a number of equal parts (dr) and the number of times the 
observed amplititde lies between r and (r + dr) was counted. A distribution 
curve was thus drawn showing the number of amplitudes lying between 
r and (r + dr) against the mean value of r and r+dr. 



h'lG. II a (Dacca) 


Rayleigh 

3 — ^Experiment 



Fkj. zi b (Delhi) 


Rayleigh 

■ Experiment 
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The Rayleigh distribution curves were drawn in the manner already 
described by Khastgir and Ray (1940) and Khastgir and Das (1950). Each 
of the theoretical distribution curves is shown along with the actual distribu- 
tion curve in the figures ii and 12 



Fig. 12 a (Vijayawada) 

Rayleigh 

— o— Experiir.t nt 



o S 16 24 

Average aniplitnde in cm — > 



0 6 12 18 

Average amplitude in cm — 


Fig. 12 b (Lahore) 

Rayleigh 

— o — o— Experiment 


It will be observed that there is no agreement between the observed 
dis*^t ibution of intensity and the theoretical distribution according to 
Rayleigh *s formula. In the case of Delhi, Dacca, and Lahore signals, when 
the intensity values are divided into four centimetres groui>s, there appeared 
one pronounced peak for Delhi and Dacca and two for Lahore, When the 
dispersion was doubled, there appeared one peak for Delhi i two for Dacca 
and three for Lahore signals. For Vijayawada signals, there appeared one 
pronounced peak when the intensity was taken to lie within i cm and three 
peaks when the dispersion was doubled. 

For distant stations like Lahore (ii 4 S km) and Vijayawada (1050 km) 
it was likely to have singly and doubly reflected waves from ' the E-layer. 
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The double peaks could be interpreted as due to the simultaneous single 
and double ionospheric reflections. For Delhi, the nearest of the four stations 
we observed only one peak for both the dispersions. 

It is to be noted that Rayleigh's formula for random scattering is valid 
for only one dowucoming wave. Even for a single reflection, if the distance 
between the transmitting and receiving station is large, we may have a 
number of waves following slightly different paths in the ionosphere. The 
existence of a nuiiilier of waves following slightly different paths will 
partly explain the cause of the discrepancy between the observation and 
Rayleigh's formula. 

WiREfcE.ss Laboratory 
Physics Dept. 

Banaras Hindu UNixitRSiTY. 
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ON THE ULTRAVIOLET ABSORPTION SPECTRA OF 
ANISOLE IN THE LIQUID AND SOLID STATES* 

By a. R. DHB 

{Received for publication^ April 20 , 1931) 

Plate }'lX 

jf 

ABSTRACT. The absorption spectra anisole (CeHs.O.CHj) have been studied 
in the liunid and solid states in the ultraviolit region. In the liquid state three bands 
have been observed in the region 26 so-28(|d K. Absorption again begins at about 2370 & 
and total absorption occurs below 2330 A,’ In the solid state at about— i7o*C, these 
three bands split up into six bands, ith jthc first band at long wavelength side slightly 
shifted towards the shorter wavelength side ^om its position in the liquid state. It is 
pointed out that in the solid state at low temperatures the electronic energy levels are 
perturbed by the intermolecnlar field. 

introduction 

It is well known that many organic substances in the vaj)our state 
exhibit bands with distinct structures in the ultraviolet absorption spectra 
and that in the liquid state the structure is modified owing to the influence 
of the intermolecnlar field. In the case of benzene, for instance, Kronen- 
berger and Priugsheim (1926) observed that the absorption spectrum in the 
vapour state consists of a large number of bands, each consisting of a large 
number of narrower bands, and in the liquid state the absorption spectrum 
consists of only broad bands, the structure being hardly visible. In the 
solid slate at — lyo^C again, the width of the individual bands diminishes 
considerably and fine structure is replaced by a few fainter absorption lines 
in the intervening regions. 

The question whether the bands generally behave in the same way on 
lowering of temperature and on solidification in the case of aromatic organic 
compounds, having both polar and non-polar molecules, has not been fully 
investigated. Also it is only the comparison of the absorption spectra in 
the liquid and solid states that can show whether any profound change in 
the electronic energy levels of the molecules takes place with the change 
of state. Such an information would be helpful in understanding also the 
changes which take place in the Raman spectra of these substances with the 
change of state. 

In a programme of work undertaken for this purpose, the absorption 
spectra of anisole in the liquid and solid states have been studied in the 
ultraviolet region in order to compare these with the absorption spectrum 
recorded by Sreeramamurty (1950) in the case of vapour, and to find out 


1 


3— 1778P--.5 


♦ Comtnanicated by Prof, S. C». Sirkar* 
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whether iu the case of these polar molecules any striking change occurs with 
solidification of the liquid. The results have been discussed in the present 


paper. 


EXPERIMBNTAI/ 


The source of ultraviolet continuum was a hydrogen discharge tube, 
made of pyrex glass, provided with quartz window and aluminium elec- 
trodes prepared in the laboratory. The tube was run at about 3 K.V. Pure 
anisole supplied by was redistilled in vacuum three times before 

use. The liquid cell consisted of a pair of plane parallel quartz plates with 
a thin film of the liquid between them and held in a suitable brass frame. 
It was found that even the small thickness of the film was too large .and 
produced total absorption in the region of the bands. The plates w'ere then 
pressed together and very carefully slided along each other so as to reduce the 
thickness of the film. In this way it was possible to obtain a particular small 
thickness of the film which produced bauds in the absorption spectrum. 

For studying the absorption spectrum of the substance in the solid state, 
a Dewar vessel of fused silica was used to contain liquid oxygen, and the 
brass frame containing the cell with the liquid was introduced into the 
Dewar vessel, so that the lower part of the frame was dipped in liquid oxygen. 
No ice was found to be deposited on the surfaces of the cell, as the moisture 


n 


r» 


B 



Fig. I 

A — Liquid oxygen 
B--Bras8 frame containing the cell* 
C— S^ctrograph slit 
D — Discharge tube 




(<?) Hydrogen continuum 

{h) Anisole — solid at about - 170 C 

(( ) .. liquid .. .. 30'C 
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in the air was condensed at the mouth of the vessel. Kntrance of moisture 
into the vessel was also prevented by the upward drift of air due to rapid 
evaporation of the liquid air. U'wo pieces of pyrex glass tube, each 
about one inch in length, were sealed on the opposite sides of the I)ew:ar 
vessel with sealing wax and the ends closed by quartz plates in order to 
prevent deposit of moisture in the path of the light beam (Fig. i.). To 
maintain a fairly steady temperature inside the cell, the level of the liquid 
oxygen was always kept just below jthe cell after allowing the lower portion 
of the brass frame to dip in the liquid ^xygen . 

An Adam Hilger Ei quartz speetcograph, giving a dispersion of about 
3 A.U. per mm. in the region of 2600 |l. was used in the present investigation. 
In the case of the liquid, an exposure^ of 6 minutes on Ilford H.P.3 films 
was sufiicient, whereas, in the case^ of the solid an exposure of one and a 
half hours was necessary. This was dtie to the fact that the uneven walls 

i 

of the Dewar vessel used in the latt^ case scattered away a large portion of 
the radiation. 


RESUIyTS AND DISCUSSION 

The absorption spectra for the substance in the liquid state at 30®C and 
in the solid state at about — i7o°C are reproduced in Plate IX. The wave 
numbers of the bauds are given in Table 1 , along with those reported for 
the solution of anisole in ether by Kato and Someno (1938). 

The sharp bands, large in number observed in the case of vapour 
(Sreeramaraurty, 1950), are replaced by three broad bands in the liquid state. 
The spectrogram resembles that observed in the case of solution of anisole 


Table I 



Soln. in ether 
(Kato & Someno' 

Pure liquid at 3o*C 
\ (Present author) 

Solid at— 170 
IPresent auth< 

•c 

ar) 

Band 

Wave no. 
cm”^ 

Diff. 

1 

Wave no. 

1 cm-i 

Diff. 

Assignment 

Band 

Wave no. 

Diff. 

Assignment 

j 

2 

3 

4 

35900 

36800 

37700 

38600 

900 

900 

900 

1 

i{s) 

3 (vs) 

3 (w) 

4 

3584s 

36760 

37668 

915 

qo8 

0—0 

0+915 

0+2 X911 

i 

1 

I (a) 

3 (s) 

3 (vs) 

4 (vs) 

5 (w) 

6^w) 

35870 

36340 

36807 

37275 

37696 

38x56 

470 

467 

468 

421 

460 

0—0 

0+470- 

0 + ^ X 468 ) 
0+937 S 

0-^3 X 468 

0+2 X 913 > 
0+4 X 456 S 

0 + 5 ^457 


ts) - strong, (vs) - very strong, (w) — weak) 
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in ether by Kato and Someno (1938). They observed four bands, the 
frequency -difference between successive bauds beings 900 cm"’', whereas, in 
the present investigation only three bands are observed. The centres of 
these broad bands at 35845, 36760 and 3766S cm"' respectively, may cor- 
respond to the first three bands observed in the case of the solution. In 
the vapour state the 0-0 band observed by Sreeramamurty (1950) is at 3^359 
cm"'. This shows that the bands have shifted towards the longer wavelength 
side with change from vapour to liquid phase. When the liquid is solidified, 
three bands, corresponding to those observed in the case of the liquid, are 
observed in positions slightly shifted towards shorter wavelengths and 
each of these three bands is further followed by another band shifted from 
the former by about 460 cm"* towards shorter wavelengths. 

This phenemenon cannot be considered as sharpening and splitting up 
of the broad bands in the solid slate, because in the position of the three 
new bands there are no absorption minima in the case of the liquid. Also 
the new frequency-shift 460 cm"* between the first and the second band 
observed in the case of the solid is not observed in the case of the liquid. 
From these facts it can be concluded that the electronic configuration in the 
molecule undergoes changes with solidification of the substance. From 
a comparision of the absorption spectrum of the vapour reproduced by 
Sreeramamurty (1950) with that for the liquid observed in the present in- 
vestigation, it is found that the structure of the bauds observed by the former 
author is absent in the case of the liquid. This again is due to the influence 
of the intermolecular field in the liquid state. It has to be pointed ’ out in 
this connection that the bands on the longer wavelength side of 0-0 band 
observed by Sreeramamurty are not observed in the case of the liquid in the 
present investigation. Further, theoretically the intensity of the o-r3oi or 
0-14x2 band ought to be too feeble to be recorded in the spectrogram. 
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ON TOE ABSORPTION OF U. H. F. RADIO WAVES 

IN FATTY ACIDS* 


By S. N. sen 

(Received for publiccAion, April 14, igsi) 

AB8TBAOT. The absorption of Hltra-hij|» frequency radio waves in lower fatty acids, 
namely formic acid, acetic acid, propionic acid and rj-butyric acid has been studied in the 
frequency-range 250-510 Mc/sec. at different temperatures by the optical method. An 
absorption maxima has been observed in t^ latter three cases and it has been found 
that, in general, the integrated absorption d^inishes and the ab.sorption maxima shifts 
towards higher frequendes with the rise of teinperatnre. The radius of the rotating unit 
actually responsible for ab.sorption of these ultra-high frequency radio waves, has been 
calculated on Debye’s theory and it is concluded that probably the molecules of these acids 
exist as dimers in the liquids. 

The absorption indices calculated from Debye’s theory agree approximately with those 
observed in case of propionic acid and n-butyric acid but w ide divergence is found in the 
case of formic acid and acetic acid. 

introduction 

It was observed previously (Sen, 1951) that in the case of aliphatic ke- 
tones, although the height of the absorption peak in the ultra-high frequency 
region increases with lowering of temperature, some exceptions are observed 
in the case of methyl-ethyl ketone and ethyl iso-butyl ketone. It was 
suggested from these results that these deviations might be due to the 
asymmetric form of the molecule which is responsible for the occurrence of 
abrupt association of the molecules at certain temperature or some other 
change in the relative orientations of the molecules in the liquid. No defi- 
nite conclusion could, howevei, be drawn from the data observed only in these 
isolated cases and it was therefore thought worthwhile to study the pheno- 
menon in the case of a large number of liquids having polar molecules. 
IfOwer fatty acids are some of the liquids suitable for such invesligatiOM and 
therefore the investfeations have been extended to formic acid, acetic acid, 
propionic acid and i»-butyric acid . 

EXPRRIMSNTAL 

The experimental technique has been described completely in previous 
papers (Sen, 1949, 1950. 1951) • All the liquids were chemically pure 

was distilled three or four times before taking observation. Foimic acid 
was found invariably mixed up with water. As the boiling points of water 

and fomic add are almost the same, viz., loo^C and water could not be 

^ CointnUnicated by Prof. S. C. SItkar. 
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removed by vacuum-distillatiou. Hence the given sample of formic acid was 
first treated with anhydrous sodium sulphate which partly removed the water 
present as impurity. The liquid was then purified by solidification. As the 
melting point of water is lower than that of formic acid, the first fraction 
which, melted; was rejected ; thereby the portion left became richer in form ic 
acid. The process was repeated several times .and the liquid was finally 
made free from water. The experimental arrangement used to study the 
absorption of U .H. F. radio waves by -the liquids at different temperatures 
was the same as that described in detail in previous papers (Sen, i949. ^951)- 
The same absorption cell was used iu the present investigation also. The 
values of atte’nuation co-efficient were calculated as before. Then graphs 
were plotted for different temperatures with attenuation co-efficietot as otdinate 
and the , corresponding frequency as abscissa. From these graphic, the value?, 
of maximum, frequency .of absorption, for the different liqui4s ' w'ere qalcu- 
lated. ■ The same process was repeated for all the three liquids. ' n'. 

‘ ' . ’ ' . , R B S U I. T S ' , , ■ , 


The values of the attenuation co-efficient have beep calculated fronj the 
relation . ' ' . , 

H = 


' = logxo (Jo'//), 


X 


X being the thickness of the liquid in the cell. The results are given in 
Tables I, JI, III and IV and these results have been plotted graphically against 
frequency in figures 1-4. 

DISCUSSION 

It - can be' seen from figure i that in the case of formic acid, although the 
maximum absorption appears to take place at a frequency higher than 5r6 
Me /sec. both at lo^C and 34'’C, the integrated intensity seems to increase 
and the position of the absorption peak seems to shift towards lower frequen- 
cies with the lowering of temperature. • In the case of acetic acid, on the 
other hand, the height of the peak increases when the liquid is cooled down 
from 67^.50 to 35 °C, but the integrated intensity seems to be the same at 
both the temperatures as can be seen from figure 2, In the case of propionic 
acid, the curves represented in figure 3 show that the integrated intensity 
diminishes when the temperature of the liquid is raised .from 6s®C to Ss^C, 
but on further heating the liquid up to ito®C, no further diminution in 
integrated intensity takes place. In the case of « -butyric acid, the inte- 
grated intensity diminishes gradually with rise of temperature up to i2o°C as 
is evident from figure 4. This diminution in the height of the absorption 
peak and in total integrated absorption may be due either to breaking up of 
associated molecules with rise of temperature or to fluctuation in the' 
Value of the permanent electric moment within wide limits due to variatibir' 
ill the intermoledhlar field at different points. To ascertain' which of these' 
two effects is predominant, the , molecular radius of the unit actually 
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responsible for such absorption has been calculated from the relation given by 
Debye (1929) — 


mr 


2 




Table I Table II 

Attenuation co-efficient of formic Attenuation co efficient of acetic 

acid (H.COOH) acid (CH.sC()OH) 


Temp ‘C 

Frequency 

Mc/sec. 

34 *C 

io"C 

Temp “C 

Frequency 

Mc/sec. ' 

35 *C 

67 V 5 C 

300 

.1050 

•2530 

300 

.0452 

'O3O3 

310 

.1178 

• 253 <^ 

310 

•0473 

.0312 

320 

.1302 

• 2553 

320 

•0523 

*0343 

330 

.1427 

.2582 

330 

.0564 

.0342 

340 

.1575 

.2626 

34 f> 

.0623 

•‘^343 

35 ^ 

.^•X 7 f ^3 

•2703 

350 

.0720 

.r> 3 S^ 

360 

.1825 

" .2782 

360 

.084Q 

.0402 

370 

.1978 

.2878 

37 <^ 

.1043 

•^413 

c 

00 

.2104 

.3002 

380 

. I T .S 2 

•^452 

39 <^ 

.2252 

■3124 

390 

•1153 

.0532 

400 

.2358 

•3253 

400 

.1062 

.0582 

410 

.2473 

•3403 

410 

.0869 i 

.0632 

420 

• 262s 

■3506 

420 

j .0682 

j 

.0685 

430 

•2758 

.3702 

43 <^ 

1 .0559 

.0702 

440 

.2878 

•3^73 

440 

j •«473 

.0723 

450 

• 3™53 

.4002 

450 

j ,0412 

.0725 

460 

.3108 

.4153 

460 

I .0362 

.0720 

470 

•3305 

■4375 

470 

.0308 

.0703 

480 

•3407 

•4573 

480 

.0286 

• 0684 

490 

r 3635 

‘4759 

49 ^ 

.6262 

.0623 

500 

.387s 

•4923 

Soo 

•0243 

.0576 

505 

.4030 

• 5^73 

60s 

. /»202 

.0536 

5x0 

.4060 

" '.5x28 

510- 

.0202 1 

.0538 
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Fig I Formic acid (HCOOH) 



Pic. 3 Acetic ciLci5} iCIXtCQQIi) 
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Table III Table IV 


Attenuation co-eflacients of Attenuation co-efficient of 

propionic acid n-butyric acid 


Yemp."*C 

Frequency \ 
in Mc/sec. 

65“C 

85*C 

iioV 

^'emp. in ’C 

N. 

Frequency 
in Mc/sec 


92 °c 

I20*C 

260 

0250 

.0152 

.0063 

250 

• 035 ‘> 

.0203 


270 

•0275 

.0162 

.0063 

260 


.0210 


280 

.0302 

.CI62 

.0063 

270 

.0288 

0212 


290 

•0305 

.0167 

.0064 

280 

.0J63 

.0246 


300 

.0300 

.0174 

.0066 

290 

."236 

.0276 


313 

.0285 

.0IS7 

0068 

300 

.0213 

.0320 

.0050 

320 

•0275 

.0213 

.0068 

310 

,0196 

•0345 

.0055 

330 

.0257 

.0225 

.0068 

320 

•^->173 

.0352 

.0057 

340 

.0246 

.0230 

.0068 

33 «^» 

.0163 

•0353 

,0062 

350 

.0230 

.0230 

.0068 

340 

.0150 

•0338 

.0065 

360 

.0210 

.0225 

.0972 

350 

.0136 

•0323 

.0070 

370 

.0201 

.0213 

.0080 

360 

.0123 

.0283 

.0087 

380 

.0186 

.0200 

,0080 

370 

•0113 

•0253 

.0098 

390 

•0173 

.01826 

.0082 

380 

.0100 

.0212 

.0100 

400 

.0160 

.0171 

.0118 

390 

.0088 

•0193 

.0105 

410 

.0151 

.0162 

.0138 

400 

.00S7 

.0176 

.0115 

420 

.0140 

■0157 

0170 

410 

.00 78 

.0163 

.0128 

430 

•0135 

.0152 

.0176 

420 

.0070 

•0152 

.0158 

440 

.0128 

.0150 

0204 

430 

.0063 

00 

C 

•0175 

450 

0120 


.0210 

440 

.0058 

.Cl 30 

.0213 

460 

.0113 


.0212 

450 

0050 

,0126 

.0242 

47-> 

.0107 


.0210 

460 


.0113 

.0248 

480 1 

.0105 


.0201 

470 


.0105 

.0256 

490 

.0103 


.0182 

480 



•0255 

500 

.0100 


.0180 

490 i 



*0250 

505 



.0170 

500 



.0226 

Sio 



.0163 

505 



.0203 

510 



.0178 


4— 1778P— s 


'nnation ffxio*-* AttenaatioD coeff. x to’ 
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Fig 3 

Propionic acid (C2H5COOH) 
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where, t as time of relaxation, 

o)= angular frequency at the centre of the absorption peak, 

. «o — square of the refractive index, 

«!= dielectric constant for static field. 

The molecular radius a has been calculated from the relation 

where, fe = Boltzman constant, 

T— absolute temperature, 

»?=* coefficient of viscosity. 

The values thus obtained have been listed in columns 5 and 6 of Table V. 

TAifcB V 

Comparative study of the absorption of U.H.F. radio waves in fatty acids. 


Iviquid 

Temp.'C 

Frequency for max. 
absorption in mega* 
cvcles/sec. 

Viscosity 
in cenli- 
poise 

tX TO’O 

a X 10* 

I. 

Formic acid 


beyond 510 

1-379 

[ 

1 . 04|2 

<2*8 


(H.COOH) 1 

lo^C 

beyond 510 




2l 

Aceticacid 

35*C 

385 

1*025 

3 .-0O2 , 

4.2 


(CH3C00H) 

67 - 5 *C 

45 <^> 




3. 

Propionic acid 

65 *c 

290 

.642 

4»52 

6.6 


(CzHgCOOH) 

85*C 

34S 


- 




iio'C 

460 




4. 

n-butyric acid 

93*C 

33" 

.58" 

4.807 

7.26 


(CjHydOOH) 

120*C 

4 «o 

1 





The expected radius of the single molecule in each case is about half 
of the calculated value given in the last column. This discrepancy can be 
explained satisfactorily if it is assumed that the internal viscosity is the same 
as the macroscopic viscosity and that the molecules exist as dimers in all 
these acids. In the case of formic acid the diminution m the intensity of 
. integrated absorption with rise of temperature may be partly dhe to breaking 
, :np of some Ojf the dimers into monomers which may show absorption at 
. mueh highei? frequency and partly to the diminution iii the intermrfec^ar 
. m&,: Inc the. Case, of. acetic add, the number of toers iS.the-same^both at 
and fiyiS^Ci bOcauae the integrated absorption is the same. ' The. inter- 
nal viscosity seems to ha've different values at different points in the liquid, 
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because the peak becomes wider at the higher tem|>erature. This may ^ 
due to want of regularity in the arrangement of the molecules in the liquid 
at the higher temperature. In the remaining two cases, the integrated 
intensity first diminishes rapidly and then slowly. This shows that probably 
the number of dimers does not diminish appreciably with rise of temperature 
energy absorbed by the dimers diminishes at higher temperatures 
owing to diminution in the interqiolecular field acting on them. 

The value of the maximum coefficient of absorption for these fgtty acids 
has been calculated from the following relation given by Debye (1929) : 


m — « 

+ 1/ 

In calculating the value of Km from that of fi, the expression — r.Km has 

A 

been used, where r has been calculated from the relation 

ei + So 


Table VI 


Values of absorption index for fatty acids. 


Liquid 

Temp. ’C. 

Attenuation 

coeff. 

Kman * 

Calculated. 

l^maz* 

GJbf^erved. 

I. Forinic acid 

34 *C 

.4002 

.6682 

1. 127 

(H.COOH) 

io*C 




2, Acetic acid 

35 ’C 

.1152 

•4032 

.6284 

(CH,COOH) 

67-5*0 

.0725 



3. Propionic acid 

65“C 

•0325 

.2885 

•3453 

(C2H5COOH) 

85”C 

.0225 




iio'C 

.0215 



4. w-butyric acid 

93 *C 


.2680 

.2804 

(CsHrCOOH) 

120"C 

.0252 




ihe theoretical and experimental values are listed in columns 3 and 4 
rea^Qctively of Table VI. On comparison the values are found to be almost in 
agreement with theoretical values in the case pf propionic acid and w-butyric 
acid, but the observed values depart largely from theoretical value in the case 
of formic acid and acetic acid, the observed values being too high in these 
ewes. 
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SCATTERING OF NEUTRONS BY PROTONS 
AT HIGH ENERGIES 

By D. BASU 

(Received for publication, April 20, 1951) 

ABSTRACT. It ha.s been shown here that the recent experimental results on the 
neutron-prot.m scatterinj? at a6o Mev energy fa%’ours tlie Moller-Rosenfeld interaction and 
rules oul the pseudoscalar theorv. Contrary to the general expectation that the Born 
approximation is valid before the influence of the radiation reactions needs to be taken 
into account, it is found tint the Born apporoximation, which is reasonably valid for 260 
Mev energy, gives the thet retical value twice as large as the experimental one but the 
inclusion of the radiation damping term brings the theoretical value in good agrreement 
with the expermiental result. 


INTRODUCTION 

In the theoretical investigation of the scattering of neutrons by pro- 
tons, one is faced with the following difficulties ; The exact nature of the 
meson field giving rise to the nuclear interaction is not definitely known. 
All the four representatives of the meson field so far proposed give rise to 
nuclear interactions containing inadmissible singularity at r — >-o, the presence 
of which prevents us from having proper solution of the Schrbdinger equation. 
However, without knowing the proper solution, it is possible to Calculate 
the neutron-proton scattering cross-section in the Born approximation which 
can be applied only in the high energy region, t^n the other hand, for such 
relativistic energies, the influence of the field reactions, namely the radiation 
damping, cannot be neglected, the integral equation describing the influence 
of the radiation damping is mathematically very complicated. 

Jn the earlier paper the present author investigated the cross section of 
neutron-proton (in short n-p.) scattering at high energy region in the Born 
approximation, the Mdller-Rosenfeld (in short M.-R.) version of the meson 
field was chosen for the interaction between the neutron and the proton, the 
effect of the retardation is accounted for by the mechanism of exchange of 
charged and neutral mesons of vector and pseudoscalar type. Using the 
ordinary Born approximation, the cross section for the n-p scattering is found 
to increase indefinitely with increasing energy of the incident 'neutron in 
the relativistic region, no matter whether the vector or the pseudoscalar or 
the M.-R. mixed meson field is used. In a subsequent paper (Basu, 1950) 
it was shown that the influence of radiation damping on n-p scattering cross* 
section is sufficient to prevent the indefinite increase of the cross-section, it 
was found that the inclusion of radiation damping makes the cross-section 
decrease as ifE* for high values of E^, where E^ is the energy of the neutron 
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lu the rest system. At that time the experimental data on n-p scattering 
at high energy region was not available to make comparison possible with 
Qur theoi-etical findings. 

It is our object in the present paper to compare the theoretical findings 
of our previous two papers with the recent experimental results of n-p scat- 
tering at 260 Mev energy which have appeared in three papers by Kelly, 
I^eith, Segr^ and Wiegand (1950) ; Fox, Leith, Wouters and Mackenzie 
(1950) and Dejuren (1950). Such a comparison would give us an indication 
as to what will be our choice of tire meson field. We shall see here that 
the M'-R- version of the meson field giws a good fit of the theoretical find- 
ings with the experimental values of tlie total cross section of the n-p scatter- 
ing at 260 Mev energy. 

TheM.-R. interaction in the non-felativistic limit contains three cons- 
tants, one is related to the mass of th^ meson and the other two represent the 
strength of the charge and spin couplinjr. The latter two can be fixed from 
a comparision of the calculated and the experimental values of the binding 
energies of the triplet and singlet states of deuteron. The mass of the 
meson, which determines the first constant, is known from measurements of 
cosmic ray and artificially produced mesons. It is the n--ineson which is res- 
ponsible for the nuclear force and its mass is 286 electron masses (>»<,) (Bishop, 
1949). In the M.-R. theory, the meson mass corresponding to the pseudo- 
scalar part of the field is assumed to have the same value as the vector coun- 
terpart, the pseudoscalar mesons would be spinless particles; there is no 
expet imental evidence yet of spiuless mesons of the same mass as 286 nie which 
enter into the M.-R. combination. The /t-meson, whose mass and spin are 
215 (Ratallack and Erode, 1949; and i respectively, has very little influence 
on the nuclear forces ; on the other hand, the contribution to the nuclear 
force of the r-mesons of mass 800-1000 has not been incorporated 
in the theory. The three constants of the M.-R. interaction having been 
thus fixed from the experimental values of the deuteron, binding energies 
in the singlet and triplet states and direct mass measurements of the 
observed mesons, a check on the correctness of the M.-R. interaction can 
then be made by comparing the theoretical value of the n-p scattering 
<?ross section so calculated with the recently published experimental values 
on the same. It is shown here that the value of the total cross section of 
n-p scattering at 260 Mev energy favours the M.-R. interaction and further, 
under- certain approximations, the influence, of, radiation damping at this- 
energy is to reduce the cross-section by about one half. 

. •' '^'he M.-R. interaction is preferable, to other meson field forces because 
.of two other evidences coming out of the experimental results on n-p 
scattering at different energies. The value of the differential cross-section 
of n-p scattering at 40, 90 and 260 Mev energies (Kelly and others, 1950) 
'Sh.ows a minimum at 90° angle and an increase for forward and backward 
angles. The results for backward scattering are subject to considerable 
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errors and the values for angles smaller than 40® are not available 
yet. In view of the fact that complete and very reliable results of the 
differential cross-section of n-p scattering are not available yet, it is not 
possible to make any definite conclusion regarding the charge symmetry 
of the M.-R. theory.* If we draw curves through the experimental points 
of Kelly and others, we can find at 40, 90 and 260 Mev energies the 
anisotropy of scattering which is expressed as the ratio T — d(j^ir)ldq( 7 rl 2 i), 
Moreover, the areas under the curves would give us relative measures of the 
total cross-sections for the three energy values. We shall see that T 
increases and Q decreases with increasing energy values of the scattered 
neutrons. Hulthdn (1944) has investigated the anisotropy ratio for different 
meson fields in the non -relativistic limit and he finds that in the M.-R. 
theory the ratio tends towards infinity for increasing energy values which is 
borne out by the experimental finding. According to Hulth^n, the 
anisotropy ratio for the symmetrical pseudoscalar theory decreases with 
increasing energy and tends to the limit 1 for very high energies, the same 
ratio for the symmetrical vector meson theory tends to the limit 3 -J- 2 gx'‘/ga* 

3.1) for every high energies, whereas, the experimental value for 260 Mev 
neutron energy is 9. The value of the total cross-section for 260 Mev 
neutron energy is nearly one half the value for 90 Mev. We shall presently 
see that this decrease of the total cross-section with increasing enOrgy 
values can be satisfactorily explained in the M.-R. theory but not in the 
pseudoscalar theory. 

There is, however, one difficulty with the M.-R. theory in which the 
tensor force is eliminated in the non-relativislic limit, as such the M.-R. 
theory fails to explain the presence of the quadrupole moment of the 
deuteron. The tensor force, which contains the inadmissible singularit3r 
at r — » o of the type i/r“ but explains the presence of the quadrupole 
moment, appears in both the vector and pseudoscalar theory. However, 
the quadrupole moment, "as calculated from the pseudoscalar theory, agrees 
in sign but not in magnitude with the experimental value. In the nod- 
relativistic limit the tensor force term of the pseudoscalar theory has the 
same form but with the opposite sign as that of the vector theory ; that is 
why the mixed M.-R. field eliminates the tensor force in the static interaction 
if the constants are given the same value for both the fields. The subseqiieltV 
generalzation of Schwinger (1942). does not give the correct value of the 
quadrupole moment of the deuteron as has been shown by Jhuch aiitf HU 
(1944) and Ramsey (1948). It may be mentioned in this connection that 
the elimination of the tensor force in the M.-R. theory is effected only in the 

* Frim the angular distribution of the scattered neutrons it was tentatively suggested 

by Serbef (quoted by Vukawa, 1949) that a mixture of the exchange and non-exchange 
fbtees in the ratio i : x gives a good fitting with the experimental findings. IW. 
Rosanfeld thinks (in course of a conversation) that the exipcHniental results tficrt' eftU in 
pr<vre88 may not bear out Serber’s suggestion. 
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static potential, the tensor force reappears, as has been shown by Hit (i945>, 
in the relativistic region. 

The Born approximation, which we have applied in our calculations, 
is valid when the energy of the colliding particles is large compared with 
their interaction energy. Prom calculations regarding the criterion of the 
validity of the Bom approximation, it appears that it is valid for energies 
above 50 — 100 Mev (measured in the centre of mass system). While on the 
high energy side, when the Born approximation becomes valid, the question 
arises as to the necessity of including the influence of radiation damping. 
Heitler (1948} and Janossy and McConnell (1950) have piobed into the 
problem of finding the energy region within which the Born approximation 
is sufficiently good and yet the influence of the radiation damping is not 
pronounced. According to Heitler (1948), the Born approximation becomes 
valid before the effects of the field reactions have to be taken into account ; 
however, we shall see that a closer eJsamination makes this view untenable. 
The Born approximation is reasonably valid for 63.0 Mev energy (this value 
in CM corresponds to 260 Mev energy in the rest system), and for this energy 
we find that the theoretical value of the cross-section without the 
inclusion of radiation damping is twice the experimental value ; further 
if the influence of the radiation damping is included, there is reasonable 
agreement between the theoretical and the experimental values. It means 
that when the Born approximation is applicable, it becomes also necessary 
to include the influence of the radiation reactions. 

THE MOLE E-RR OSENFELD INTERACTION 

The M.-R. interaction between twm nucleons in the non-relativistic 
limit takes the simple form given by 

+ ... fi) 

where cr\ a’ denote the isotopic spin-vectors and spin operators of 

the two particles numbered i and 2 and r is the distance between the two 
nucleons. The constant X = /a/ fee, being the mass of the meson in energy 
units and fe, c have their usual meanings- The constants g\ and g^, which 
have the dimension of electric charge, denote the strengths of the two type.s 

of coupling. 

The Schrbdinger equation of the deuteron with the above potential can 
be solved numerically, then the values of the binding energies in the triplet 
and singlet states make it possible to determine gi and g2. The recent 
calculation of FrShlich, Huang and Sneddon (1947) gives their values as 

0.0246, >=0.000306 ^ + 0.0085 ia) 

fee AC At, 

S_1778P— S 
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The experimental value for the ratio of the meson mass to that of the 
fwto/m*) is 286, in which case the constants become 

="•‘>=' 4 . s" =o.o<^ 


electron 


(3) 


The constant is smaller than by a factor 4, the scattering cross- 
sections are proportional to the fourth power of gt and gs- We shall see 
in the next section that the scattering at high energy due to the g^ part of 
the interaction can be neglected because of two reasons : (i) gt* is much 
smaller than g.^ and (a) the scattering cross section due to the gi interaction 
falls quite sharply with increasing energy of the incident particle. 


N-r SCATTERTNO CROSS SECTION 


The exact relativistic expression for neutron-proton interaction accord- 
ing to the M.-R. version of the meson field is giveh in equations (5; and (6) 
of the earlier paper (Basu, 1949). This interaction 'includes in it such 
terms as would make it free, in the non-relativistic limit, from contact 
potentials of the form of S-f unction. Such an elimination of the 8-functions 
has an important bearing on the g, -scattering of neutrons by protons, the 
cross section of which decreases with increasing energy and tends to a 
constant in the extreme relativistic region. This decrease of cross section 
with increasing energy is reversed if the S-functions are not eliminated in 
the above mentioned way. 

The calculation of the scattering cross-section with the M.-R. interaction 
is very laborious, the part played by the gi-interaction will be shown to be 
small enough to be neglected, as such, we have avoided sojne labour by 
calculating the relative contributions of the vector and the pseudoscalar 
meson fields separately, we shall see that so far as g, -scattering is concerned 
the contribution of the pseudoscalar field is exceedingly small compared with 
that of the vector field. Representing the nucleon by the Dirac spinor, the 
total cross section of the n-p scattering due to the gj -interaction of the vector 
(charged or neutral) meson field is given by 


Wo -ya 


"2 ' . 7~~ 2 M ^ + —7 — 5— -+- i 6 a * X *) 
c I H- j;* [ a* ^ 1+ 4a X 




log (i -t-4a*n “) V + 


Ail - _JL 
a*( 4a“ 


log (i 4a*x“) + 


8 


I -I- 40^ 


- 


... (4) 

where a is the ratio of the nucleon mass to the meson mass and is 6.42 for 
the meson mass being equal to 286 m,, x is the ratio p„lM, p„ and M both 
expressed in energy units are the momentum in the centre of mass system 
and the rest mass of the incident neutron or proton. The reciprocal of X 
hgs the dimension of length and its value for the meson mass 286 
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is i »35 ^ ‘ cm. The numerical value of the above expression is 

^ ** cm* for 260 Mev neutron energy. 

The similar cross-section due to the gi-interaction of the pseudoscalar 
(charged or neutral) meson field has the form 




a" 




h + 


log fi-»-4a®.r*) 


1 + \ a* 2(1 +4a*A:*) 4a^x^ 

Oo^* (^1) =0.00005 X io”*®cni* fo^ 260 Mev neutron energy. 


(5) 


It is evident that in a mixture of the vector and pseudoscalar fields, 
the contribution to the gr scattering at ^60 Mev energy, of the pseudoscalar 
part of the field is smaller than the vector part by a factor 5 x io~* ; as such 
in the g, -scattering only the addition of the pseudoscalar field to the vector 
field does not give anything different fi^m what would be obtained from the 
pure vector field. However, if we combine the charged and the neutral 
field in a way to ensure charge symmetry, the value of the cross section 
would be roughly multiplied by a factor 2. Hence the value of the total 
cross-section due to the gi-interaction of the M.-R. theory will lie approxi- 
mately 

<3o'^^^(gi)****o.22 X cm* for 260 Mev neutron energy. 


We shall see in the next paragraph that the total scattering cro.ss-section 
due to the ga interaction alone of the M,-R. theory has the value 7.02 x 10“®® 
cm* (for 260 Mev neutron energy) which is roughly 3 (j times the value of 
the above cross section due to the gi-interaction at the same energy value. 
Since the evaluation of the general expression for the cross section of the 
n-p scattering is exceedingly complicated when both g, and ga of the 
relativistic M -R. interaction are different from zero; we shall simplify our 
calculations by putting gi — o it would mean that the value of the cross 
section so obtained w'ould be less than that of the exact expression which 
includes both gi and gs by 5 to 10 per cent. 

If we neglect the contribution of the gi-scattering for reasons stated 
above, the total cross-section of n-p scattering with the M.-R. version as the 
interaction between the neutron and proton is given by 


Mn — 3E Sjz 




a 


X* I .V* 


.4J32 




+ 


25 


_( y. 3 . 


3 « 

5 


*'-* 24a* jc* + 4 a’‘x^) 


4- 41 . + 

* 24a‘‘x:* lea'a." 4a' 




-f- 4^ 
+ 3 ' 


+( L— 3—57-^ 5-^1 log (l ■♦- 4 <»* 2 :**> 

|a*A.® \^i2a*x® 4a*x* 4a*-v*(H- 2a*A:®; / J 


(1+40 


4a* a*x^(t + 2 a*ac*) 


V — » a V log^ (i-H4a*a:®) 


tl 


... (6) 
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The above expression { 6 ) for Q decreases with increasing x in the low 
energy region from -x =o to about .'v: = 0.5 (the latter value would correspond 
to a kinetic energy of the value no Mev in the centre of mass system or 
470 Mev in the system in which the proton is at rest) after which it increases 
in the relativistic region indefinitely with increasing values of x. The value 
of Q is sensitive to the value of the meson mass. The numerical values of 
the cross sections as calculated from the above expression are as follows : 

) 7.o2 X io~^“ cm' for 260 Mev neutron energy 

.12 73x10 2 ** cm- ,, 90 Mev ,, ,, 

It must be borne in mind that the relativistic Born approximation 
which we have employed in our calculations is not quite good for 90 Mev 
neutron energy which would correspond to 21.6 Mev energy in the centre of 
mass system. 


To compare the relative contributions of the vector and t he pseudoscalar 
fields in the mixed field of the M.-R. theory, we consider the ga-scattering 
due to the pseudoscalar interaction alone. Contrary to what we have seen 
for the gi-scattering, we notice that the ga-scattering due to the pseudoscalar 
interaction is larger than the same due to the M.-R. interaction. Bearing 
in mind that every interaction between two nucleons, in the non-relativistic 
limit, should be free from ^ 5 *functions, the total cross section for n-p 
scattering due to the pseudoscalar (charged or neutral; field is given by 


Qft 


P 9 . 


,,2 




a~ 

+ .r® 


3 ? 

0 


' + 2 


+ r ^ 

4U + 4a'‘.v‘') 


3 

5 


2(1 


log (i +4a®x®) 


(7) 

The cross-section Qo^‘ (7) increases indefinitely with increasing x right 
from x — o. The numerical values as calculated from the above expression 
are as follows : 


i i8‘o2 X io~**cm“ for 260 Mev neutron energy, 

14 42 X 10 -®cm“ ,, 90 Mev ,, ,, . 

We notice that the ga-scattering cross section, when calculated with the 
pseudoscalar interaction, is very much larger than the similar expression 
calculated with the M.-R. interaction. 

If we denote the matrix elements of the process of scattering by Hft the 
square of which is proportinal to the cross section, it is clear from a corn- 
par ision of the numerical values of the cross-section, as calculated with the 
M.-R. interaction, and the interaction due to the pseudoscalar field that the 
absolute value of the matrix elements for the M.-R. interaction is less than 
the same for the pseudoscalar interaction round about 260 Mev energy. 
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It follows from the method of Hsiieh and Ma (1945) that the scattering 
cross section is influenced by the radiation damping in the following way ; 

where Qo denotes the ordinary cross section in which radiation damping 
has been neglected, b and a are given by 




J fH.fHif'Hj'.Pfp/dnfdilr . (Qh) 

iff' 


The suffices / and i stand for the fi$al and initial states, Pf' denotes the 
density of energy levels corresponding to the state f. The evaluation of 
a and b with the for the M.-R. interaction is the proper procedure, but 

such a procedure is exceedingly involved to calculate To simplify labour a 
and b have been calculated in a previous paper (Basu, 1950) with the matrix 
elements for the pseudoscalar field. As |is smaller than \Hp,, there- 

fore the exact value of fb/a!, as evaluated with the matrix elements 

for the M.-R. interaction, would be somewhat smaller than what is calculated 
here with the pseudoscalar interaction. We give below the expression 
for the ratio 6 /a 

b ^ r 

a 4 Faix) ■“ '' 


where Fa (-v) and Ft {x) are functions of the variable x and their forms 
are quoted for convenience in the Appendix. The numerical values are 
as follows ; 


i a.iQ for 260 Mev neutron energy, 

1.23 „ 90 Mev 


It shows that the influence of radiation damping at 260 Mev energy is to 
reduce the ordinary cross section by about one half, which is by 
no means negligible. We regard the influence of damping as a correction 
factor to the ordinary expression for the scattering cross section, the procedure 
of calculating the damping term with the pseudoscalar interaction is justified 
on the ground that it gives the order of the correction. However, it must be 
remembered that the exact numerical values for the M.-R. interaction 
would be somewhat smaller than the above figures. 

We now give below in a tabular form the numerical values so far derived 
from the theoretical expressions : , 
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'Ekin tRSl 

EMn (CM) 

X 

g^MBx 10™ i-ni*. 

QMK X lo^® cm^, 
(with damping) 

gP® X 10*® cm. 

Qps X 10®® cm*, 
(with damping) 

go Mev 

21.6 Mev 

0.219 

12. 7"* 

10.3* 

14.4* 

II. 7 * 

260 Mev 

63.0 Mev 

0.372 

7 0 

3-2 

18.0 

8.2 


E'Kin denotes the kinetic energy in the system in which the protion is at rest 
whereas, Ewn is the corresponding kinetic energy in the centre of mass-at- 
rest-systeni. 

We then compare the above with the experimental findings of different 
workers. The curves drawn through the experimental points of Kelly and 
others give us the following results. 

Experimental Results of Kelly and Others. 


K\\n (RS) 

dQiic) 

dQ(nl 2 ) 

Q (in arbitrar3^ units) 

40 Mev 

1.6 

251 

go Mev 

3 7 

13 4 

260 Mev 

g 2 

7 0 


The value of the total n-p scatteiing cross section has been measured by 
Fox, Leith, Wouters and MacKcnzie (1950) who have used a double 
coincidence anthracene scintillation counter telescope as the neutron detector. 
The same measurement has been done by Dejuren (1950) using bismuth 
fission ionization chamber as the neutron detector. 


E'kin (RS) 

1 .Total cross section Q X io®®cin* 

1 

1 Fox and others 

1 

Dejunren 

85 Mev 

B. 3 ±o .4 j 


95 


7-3 

270 M 


3.8±o.2 

280 ,, 

3-3 ± 0-3 

1 


Q (26t> Me v) 
Q f 90 Mev) 


(from Kelly and others) 


• We have marked the values of the cross section for ai‘6 Mev energy (CM) with 
asterisks to indicate that the Born approximation is not good for such an energy. 
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Q (280 Mev) _ 
Q (85 Mev) 


0.40 


(Fox and others) 


Q (270 Mev) _ , _ , 

e(95Mev)"°-5^±‘’03 

The theoretical value of the total scattering cross section after being 
corrected for radiation damping is 3.2 x 10““® cm* and the two experimental 
values are 3-3 ±0 2 x 10”** cm* and 3.8±o.2 x io~*® cm*. The agreement 
appears to be very good, the fact that our theoretical value is on the side of 
being slightly less than the experimental one is expected because the calcula- 
tions can be improved in two ways each of which would increase the value 
slightly and as such the two together would make the agreement much 
better. The two improvements consist of taking both gi-and ga-interac- 
tions and the evaluation of the radiastion correction with the M.-R. theory. 
l*hc M.-R, theory allows us to fix the two constants from the deuteron 
problem, the determination of the dhird constant from the observed mass 
of the x-meson leaves no arbitrariness about the n-p scattering cross-section, 
as such the agreement of the theoretical and the experimental values of 
the scattering cross section shows that the deuteron and n-p scattering 
problem can be consistently framed in one picture with the help of the M.-R- 
theory. 

It is quite evident, as was expected to be so, that the Born approxima- 
tion is not good for 2 1 '6 Mev energy (corresponding to 90 Mev in RS), for 
such low energies the Born approximation gives too large values for the 
cross section compared with what they should be. The i)seudoscalar field 
alone fails to explain the n-p scattering results. 
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AP 1 *BNDIX 


'n (x) =— I 

Q V 


2 v 


Q V 3 


2 41 + 4a 


_ -A 


2 2 
4a A' 


log (i + 4a*A:®)j- 


^ 32|i6^.+ 4_v‘‘ + 2.v=+i}+ >- {x^ + t)[x^ + ^ x^-^%\a 

- "(.v H-i){a" (4-^’' + 7}«- + g‘{2.-vM-aA“ + 7}c^ 


where (putting -^ = V - +1) 

2 a' 

/\ = i6a — ba^-t (8 + 2^^ — l6a® + 6»®) log ^ ^ 

+ ( s _^a _ + 4.’ - I a-) ( log 

B = 2-(a-l) log J 
C = a'lt — (3t“ — i) log * 

a— I 
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PARTICULAR SOLUTIONS OF EINSTEIN'S RECENT 

UNIFIED THEORIES* 

ByG. BANDlfOPADHYAY 

{Recieved for publication, February /j, 795 1) 

tf 

ABSTRACT Different field equations, o^e proposed by Binstein and Straus in 1946 
and the other by Binstein in 1950, have be^ solved for the particular case analogous to an 
inhnite charged plane. ^ 

i 

INTRO D|U C T I O N 

Einstein has developed a new generalized theory (Einstein and Straus, 
1946) in which the field variables are the sixteen components of a non- 
symmetric tensor 2, 3, 4). It has been suggested by Einstein that 

the antisymmetric part of this tensor corresponds to the electromagnetic field. 

In order to obtain the field equations one has first to obtain the non> 


symmetric r” s from the sixty-four equations 

gik,t$“g>k^ia-et*^^tk=0 * ... (i) 

and then obtain P’s defined by 

Pi*=r?*,«-i(r?«,*+rs*,,j-rurS*+ir?*(rS»+rL) ... ( 2 } 

and finally write down the equations 

^(r?„-rSi)=o ... (3a) 

.h^Pik + Pki)=^o ... 13b) 

i(P< I “P* < , z) + J I < “ < I* o*) ... (3c) 


(in terms of g’s) which comprise the field equations propounded in 1946. 
It may be mentioned in passing that there exists no simple method of solving 
equation (i). Straus U949), however, has recently developed a method which 
reduces the labour of calculations to some extent. 

Einstein (1950), however, has very recently modified the field equations 
The new equations are equivalent to equations (30), (36) and the equation 

^(Ptk-Pki) = o ... (3d) 

instead of (3c). We shall designate the field equations given by (3a), (3b), 
{3c) and those given by (s®)# ( 3 i>)» ^ 3 <i) a® 

It may be noted that II is stronger than I. This paper dicusses a 
particular solution of the above field equations. 

' * TbS'ooateniB of this paper was published in the Abstracts of the 38th session 'January, 
Z95Z) of the Indian Science Congress (Mathematics Section). The result, however* has siucf 

<►—.1^78?— .5 
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CALCUIvATlONS 


We take 

gii—l,g2a = gsa — G(Xi), gA* — B{Xx), J'l4“ 

The sixty -lour equations (i) now break up into a number of partial aels and 
we obtain the following non-vanishing T’s : 




dH 

dx 


- 2 l 


H V-jlH' 
I* + H 


r\ 


— — r‘ 

4 — -*-41 


HV-klW 
P + H 


= IL's*- 


T^2 Tis "ns _ T's JL- 

I .2-1 2.-1 .3-1 3.- . 

dG 


r‘22=r\«= -i- 


dx 


■n* 7-12 "ps P'S I dG 

1 42 - 1 24 - 1 i , 4 - > 

dash denoting differentiStion with respect :v(a:=.ri). 

The expressions for P’s are now calculated by formula (a) as follows : 

p - dfo' + J G> V ( lP+w \ 

dx\G P + H ) \ 2 G / \ P + H / 

„ d(lG'\_^ G' IG' G fni'-ilH' \ 




44 


_\d 
dx ^ 


dx 


] /HI'-iZH' \_ ( IG'\ 

P + H J \ P + H j \ 2 G ) 


+ [-l 


m 

dx 


^r HP-ilH' G' IV + hH' 

P + H )\ 2 G P + H ] 


other P’s vanish. ■ - 

We now proceed to form field equations I, Of the four equations <3«i 
tliiree are- satisfied Mentically-and we are left with only one 'equation; v%z,i 


HV -iJH' jgC 
■“P-t-H t-g— “ 


* . ^ (4®) 

Of fhe ei}uationsl 3 b) five are identically satisfi^ du^ 



Particular Solutions of Einsteins Recent Unified Theories 2$^ 

corresponding P’s, one is identically satisfied due to antisymmetry of Pj4, 
and of the rest two become identical. So we get the three equations 


A 

dx 


I Ql.II'+iH' \.J , (ir + iH' V 




( 4 h) 

4 c) 


Equation (3c) is identically satisfied bec|use P14 is antisymmetric and other 
non-diagonal P’s vanish. ? 

It may be noted that the field equations I are not affected by the 
escpression for Pn- 

In field equations II, the contributions of (3a), (3 b) are the same, but 
(3d) give an additional equation corresponding to 

i(Px4--P4.) = o 

which leads to the additional equation 


,d( \_ d( IG> G'/ 

P+H J dx\zG j 2G" G\ P + H ) ' 

SOLUTION OF FIELD EQUATIONS I 


( 4 e) 


We are to solve for the three quantities, G, H, I, from the four equations 
(4a), (4b), (4c), (4d). 

From (4 c) we get 


P + H— ^,2 * (*» constant) 


Substituting from {4c) in (4b) we have 

dfG’ G" 


" \ ( G" V 


d^jyG G 

From this we get, after some manipulation 

= b.G^e®®’ , (b, c, constants), 

(4a) can be written as 

(H+p)r-nip+W') + IG' ^ 


H-hP 


O, 


which leads to the solution 


IG 

v'r+H 


const 


fsa) 


(Sb' 
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which agara, on using (5a). reduces to 


T = , (d, constant) 

CrCr* 


5®) 


(sa), ^Sb), (5c), obtained without using (4^), determine G, H, I completely ; 
because G being known by (56), 1 can be determined from (5^) and can then 
be used to determine M from (5®^- W^e proceed to obtain an expression using 
(4^) in order to test the consistency of ^5b)t (5^) with (4^). 

Using (40) and (5c), (4^) can be written "as 

+./ (log GG'). A = 
dx dx Cjt 


where 


A H 2/ 


the solution of which, on using (4a) again, can be written as 


— (5 +e 
GG'\^'G^ 


'j, («. 


constant) 


We shall test the consistency of this with (ga), (gb) and (5 ) 
(5a) and (sc) give 


Differentiating and using 


ir— If ^ 


2G" L + ^r 


which can easily be derived from (56), we have 




Consistency of (gd) and (5c; requires 


cs=o, e= — — o 
2 


The full solutions of g's with these restrictions on the constant lead' to 


gii = I ga» 




I 


gl** -g41T« 


g^b{k 


If gx*> aud therefore I, be interpreted as the electric field then d may be 
taken to be related to charge per unit area and the case may be taken as the 
aiKBlogue of an infinite charged plane. 
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SOLUTION OP FIELD EQUATIONS II 

In this case the additional equation (4e), can be solved on using (4aj 
and the solution gives 

(/, constant) ... (5/) 

This is inconsistent with (5c) unless both the constants / and d vanish. 
This leads to either I — o,orG'^o. /=ao makes the field purely gravitational. 
G'~o leads to (as can easily be seen frdm field equations) 

G = const, H = <^nst, I = const. 

Thus the only solution in which <|[ectioinagnetic field exists is one in 
which the symmetric elements are ^ose corresponding to a flat space. 
This solution is also included in 1 as l| is a stronger set. 

C O N C ijl U S I O N 

If the symmetric parts of g’s are interpreted as the metric and g4> , as 
electric field then for an infinite charged plane massless charge as well as 
charged mass are possible according to the older field equations (1946) but 
in the new field equations (1950) massless charge is the only possibility if 
charge is to exist. 

Govt. Coi,t.BGB 
D.\rjbeung, Wksi Bkngai,. 
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ON THE ABSORPTION SPECTRA OF TOLUENE IN THE 
LIQUID AND SOLID STATES* 

By H. N. SWAMY 
(Received for publication, April 20, igsi) 

Plate X 

JLBSTRACT. The absorption spectra of toluene in the ultraviolet region have been 
investigated in the liquid state at 30'C and in the solid state at— i8o*C. An examination 
of the photographs reveals that lowering of temperature, contrary to the result-i reported 
by some previous workers, causes the bands to become wider ; so that only one band is 
observed in the solid state, the others merging into one another. It is pointed out 
that the intermolecular field in the solid state has great influence on the electronic 
energy levels of the molecule. ■ 

INTRODUCTI ON 

The ultraviolet absorption spectruin of toluene in the vapour state was 
studied by several previous authors viz., Savard (1929), Sponer (1942), 
Ginsberg (19461, and others. Recently Padbye (1949) has reported some 
new bands in the ultraviolet absorption spectruin of toluene in the vapour 
state. The absorption spectra of toluene in the liquid and solid states, 
however, were not studied very exhaustively by the previous workers. Very 
recently, Kanda and Tsu Ji Kawa (1950) have reported some results in the 
case of toluene in the liquid and solid states at different temperatures and 
data have been given in the form of microphotometric records. The results 
observed by them indicate that there is change in intensity and width of 
bands with the solidification and lowering of temperature of solid. Slight 
changes also have been observed in the structure and position of the bauds. 
In the programme of work undertaken to study the influence of temperature 
and change of state on the electronic energy levels of organic molecules in 
this laboratory, toluene was chosen as one of the substances and it was 
ol>8erved that the results obtained did not agree thoroughly with those 
reported by Kanda and Tsu Ji Kawa (i95u)> It was, therefore, thought 
niforth while to report the results obtained in the i>resent investigation. 

rxpkrimhmtal 

The source of continuous spectrum used is a hydrogen discharge tube 
fitted with a quartz window. The tube is constantly evacuated and pressure 

of hydrogen is adjusted by operating stop cocks. About 3 K. V. is applied 
to run the discharge tube. A Hilger quartz Bi spectrograph with a dispersion 

’• Commonicated by Prof. 8 C. Sirkat 
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of 3 A.U. p&e mm. in the region o£ 2600 & was used for photographing the 
absorption spectra. Dust free toluene, distilled four times was used for the 
study. 

It was found that a layer of liquid having a thickness of about o.i mm. 
produced absorption bands in the spectrum. Such a layer was obtained by 
introducing a drop of liquid between two quartz plates held together, in a 
brass frame by screws. An exposure ocf about 20 minutes was necessary in 
the case of the liquid. 

For stud3dng the absorption at lo\^ temperatures, the frame containing 
the cell with the liquid was suspei^ed in a Dewar vessel of fused silica 
containing some liquid oxygen. The jannular region between the walls of 
the vessel was constantly evacuated, 'fhe lower imrtion of the brass frame 
was dipped in the liquid oxygen to s(^idify the substance. Liquid oxygen 
was replenished from time to time to klep it at a proper level in the vessel. 
The upwai*d drift of cold air prevented the condensation of water vapour 
on the surfaces of the quartz plateii. The beam of light coming from the 
hydrogen tube was made parallel with a quartz lens and the cell was placed 
in the path of the parallel beam. An exposure of about one and a half hours 
was necessai'y to record the absorption spectrum of the solid. 
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Two spectrograms, one for the liquid state and another for the solid 
state are reproduced in Plate X. The wave numbers of the bands observed 
are given in Table I in which the data reported by Kauda and Tsu Ji Kawa 
(1950) are also "included for comparison. The absorption spectrum of the 
liquid was investigated at 30°C. 

Table I 

Absorption bands of toluene 
V in cm~^ 


Kanda and Tsu Ji Kawa (1950) j 

Present Author 

Band No 

Liquid at 
— 88*C 

1 

Band No 

1 

Solid at 
, -X 73 -C 

Baud No 

1 Liquid at 
, 3o*C 

1 

Remarks 

Solid 
at — 180 ®C 

Remarks 

I 

37372 

I 

37330 

I 

37122 

1 

Broad, 






- 

extends 
! from 
2704 to 





2 

3 

37793 

38180 

2 1 

3 

37768 

38152 

3 

3 

37438 

37649 

26S8 A.U. 

37161 

Broad, 

extendii 






i 



from 

4 

391X2 

4 

SS 39 S 

4 

38039 



2705 to 
2684 A.U. 

5 

39400 

1 

39069 

39310 

5 

6 

38143 i 
38376 

i 



i 

.j 

7 

403x2 

7 

39066 


I ‘ 
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DISCUSSION 

The results given in Table I show that while in the liquid state toluene 
gives seven l^nds, in the solid state, it shows only one broad band and in 
the place of the other bands there is continuous feeble absorption. Probably 
the latter bands become broader and merge into one anothei in the solid state. 
These results are contradictory to those reported by Kanda and Tsu Ji Kawa 
(1950) who reported that there are only five bands in the liquid state and 
that the bauds become sharper and more intense in the solide state. As 
regards the position of the band which persists in the solid state it is observed 
in the present investigation that there is a small shift towards shorter wave- 
length side with the solidification. The previous authors also mentioned in 
the abstract of their paper that the bands shift towards the shorter wave- 
length side, but the microphotoraetric records reproduced by them show that 
the shift is towards the longer wavelength side. It is di£Bcult to understand 
these discrepancies. The fact that the general absorption in the region 
between 2537 and 2654 A. U. increases at — i8o“C indicates that the bands 
in this region become broader and produce continuous absorption. 

The results show that solidification and lowering of temperature has 
considerable influence on the electronic energy levels of the molecule. 
It has been observed by Ray ^1950) that in the Raman spectrum of toluene 
in the solid state, a few sharp lines appear in the low-frequency region. 
These lines were attributed by him to the oscillations in groups of associated 
molecules. Probably the change in absorption spectra, which is observed to 
take place with the change of state of the substance and lowering of tempera- 
ture, indicates that such association has influence on the electronic state of 
molecules in the solid state at low temperatures. The investigations are 
being continued with other substance.s. 
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REVIEWS 

( a ) 

Fnndamentel of Optics— By F. A. Jenkins and H, E. White Pp. 647. 
McGraW'Hill Book Company, Inc^ New York, Toronto, London, 1950. 
Price $ 7.00. I 

The present volume is the secc|id edition of a similar volume published 
in 1937. The first ten chapters dealiij||g with geometrical optics and the last 
chapter on photons are new addititj^ns in this edition. As mentioned in the 
preface to the first edition, the book |was intended for use in an advanced 
undergraduate course in optics. Ipe discourses on geometrical optics are 
also of the same standard, exceptfig those on lens aberrations given in 
Chapter 9. Quantitative expressions for various types of aberrations used in 
this chapter has raised the standard a little. 

Chapters 11 and 12 dealing with wave motion includes detailed discus- 
sions on Doppler effect, superposition of waves and group velocity . Chapters 
13 and 14 deal with interference of two beams of light and interference in- 
volving multiple reflection respectively. As usual, principles of different 
types of refractometers, e.g., Michelson’s, Jain in’s and Rayleigh s ref racto- 
meters have been explained in the former chapter and discussions on inter- 
ferometers have been included in the latter chapter. Numerous illustrations 
have been included to explain the use of the interferometers. The pheno- 
menon of diffraction of light has been discussed elaborately in chapters 
15-18. These chapters will be useful even to the students preparing for the 
B.Sc. Honours course of any Indian University. The principle of phase 
contrast microscope has been explained briefly at the end of Chapter 15* 
The treatment of diffraction by a grating is quite exhaustive. Also, Fresnel s 
diffraction has been discussed in great detail and a table of Fresnel s inte- 
grals has been included in Chapter 18. 

• Chapter 19 deals with velocity of light. Principle of Relativity has also 
been briefly mentioned at the end of this chapter. In the next chapter a 
brief exposition of electromagnetic theory of light has l^en include . 
Different sources of light and their spectra have been described in Chapter ai 
and the next chapter deals with absorption, scattering and dispersion 
Polarization of light, optical properties of transparent crystals and double 

refraction have been discussed exhaustively with the help of illustrations m 

chapters 34-26. The phenomenon of optical activity of liquids and wystais 
has been explained in the next chapter. Chapter 38 dealing with reflection 
is of a little higher standard as the phenomenon of reflection 

metallic reflection has been explained on the electro-magnetic t eory o ig . 

The treatment of the problems on magneto-optics and electro-optics given 
7 — 1778F— s 
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in the next chapter does not include such theoretical deductions. The last 
chapter on photons deals briefly with the dual character of light. 

The book is beautifully got up, and is printed on real art paper. The 
quality of illustrations leaves nothing to be desired and the number of such 
beautiful illustrations is quite large. Chapters on interference and di£Fraction 
deserve special mention in this respect- The book will certainly ptove useful 
not only to undergraduate students who are preparing for the B.Sc. Pass 
course but also to those who have taken up B.Sc. Honours course in any 
Indian University. 

S. C. S 


( 3 ) 

Heat and Temperatara Measarement. — By Robert L. Weber, 

Pp. 422 + x. Prentice Hall Inc., New York, 1950. Price f 6.65. 

The book is divided into two parts. The first part deals with well known 
principles of heat, but the order in which these topics have been arranged 
is a little different from that found in conventional text books. After chapters 
on temperature scales and different forms of thermometers, theory of conduc- 
tion of heat has been discussed. This has been followed by two chapters 
dealing with thermo-electricity and thermo-electric measurements Laws of 
radiation and theory of optical and radiation pyrometers have been given 
in the next two chapters. This has been followed by two chapters dealing 
with resistance thermometers and temperature recording. Chapter 10 deals 
with calorimetry in a rather elementry way and phase diagram and phase 
rule have been discussed in the next chapter. This has been followed by 
chapters on laws of thermodynamics, production and measurement of extreme 
temperatures and some special methods of temperature measurement. In 
the last chapter of part I international temperature scale has been discussed. 

Part II of the book deals with 29 laboratory experiments on heat. 
These experiments include, besides those on different methods of measuring 
temperatures, a few on calorimetry, relative humidity and viscosity of fluids. 
The theory of the experiment has been given in each case and in some cases 
photographs of the actual apparatus have been included. 

The book is copiously illustrated and printed on art paper. The book 
may be useful to under-graduate science students of Indian Universities 
preparing for their practical course and also to those who are engaged in any 
work in which accurate temperature measurement is involved. 


S. C. S. 
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ON AN INTERPRETATION OF THE LIMITS OF PRE- 
DISSOCIATION IN THE SPECTRUM OF CARBON 
MONOXIDE AND THE LATENT HEAT OF 
SUBLIMATION OF GRAPHITE * 

By PRABHAT'K. SKN GUPTA 

{Received for puhljication, Aptil 12. 

1 

ABSTRACT. From a survey of the a^nilable data on predissociation phenomena in 
carbon monoxide, the energy of dissociation into C (®P) and 0(*P) atoms has been found 
to be 8 87 volts. This as.signment gives the latent heat of sublimation of graphite into 
C(Sp) atoms as 118.74 kcal. These figures give a satisfactory accounl of the known ex- 
perimental results. It has also been shown that the average energy of the C-H bond in 
methane, calculated with the results for graphite, is of the right order. 

I 

The spectrum of the carbon monoxide molecule is well known but the 
convergence limit of the ground state X (figure i), which specifies the 
energy of dissociation of the molecule into C{^P) and ()(’'P) atoms has not been 
located yet with certainty. Data for the vibrational levels of the X ’S' state 
are available only up to r = a5 corresponding to an energy level of 5 ‘6 volts, 
which is nowhere near the dissociation continuum. The Birge-vSponer ex- 
trapolation method leads usually to an upper limit, and therefore the value 
11.34 volts obtained for this state by extrapolation over a long range with 

the few known vibrational levels has been discarded by other v\ orkers as 

being 20 to 40 % high. (Herzberg, 194-^)- 

In the spectrum of a molecule, the predissociation and dissociation limits 

are known to give an idea of the products of dissociation of the states 
involved, and the different combinations of the atomic states m which they 
occur. Consequently, a scrutiny of the energy differences of the various 
limits enables us to identify the one which represents the energy of dis- 
sociation of the ground state. An estimate made with reference to a predis- 
sociation limit is considered fairly accurate, provided predissociatiou is establi- 
shed without any ambiguity. A mere weakening of the intensity of a few 
bands unless backed by other evidence may be misleading. 

II 

Availdble data on Predissociatton^ 

From a study of the predissociation phenomena in the spectrum of 
CO, many workers in the field (Schmid and Gcro. 1937,1938 ; Herzberg 1937 
Gaydon and Penney, 1944; Hagstrum, 1947 5 Valatin, 1948; Springall, 

• ^ Cottunttiiicatcd by Prof. M N, Saha. 
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1950) have assigned different values to D(CO), with the support of evidence 
available from electron impact experiments, photo-dissociation of CO, ther- 
mochemical data and direct experimental measurements on the sublimation 
of graphite. The various limits of predissociation established by different 
investigators are reproduced in Table I. 



Fig. I 

Fnergy levels of CO 

There is good deal of controversy as regards the interpretation and 
assignment of the levels of the various predissociation effects ; in fact, some 
of these are not considered true predissociations at alH (Hagstrum, 1947 ; 
Hcrzberg, 1937 ; Oaydou and Penney, 1944). For instance, Gaydon and 
Penney (1944) have observed that as the "3^” bands are superposed on the 
fourth positive system, anomalous intensities in the lines of the latter are 
not unlikely, and may have the appearance of predissociation. According 
to Hag^strum (1947)1 the predissociation in B * 5 "^ and b observed at 
zz.zx volts, is maximum for the potential curve of the state (which 

predissociates the former two), the true dissociation limit being estimated 
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Table I 

Predissociation limits in CO spectrum 


l/imits in volts above 


Band System 


Nature of Effect 


6,89 (Schmid & Gero) 
8.19 (Schmid & Gero) 

8.87 (Schmid 8 t Gero) 

8.87 (Schmid & Gero) 
9-6 (Schmid & Gero) 
9 14 (Herzberg) 


Cameron [a 3 n-->X 

Asundi [a' 3^4 — ya ^n] 

Triplet | d 3 n — >a ^n] 

Angstrom[B ^2^-^ id >n] 

[Fourth Positive 
^ In— 


Intensity break off in vibrational structure 
of a state. 

Intensity break off in vibrational structure 
of a" 335+ state. 

Intensity break off in vibrational structure 
of d 3 n state 

Predissociation in -4 ^ n state 

Predissociation in Am state, probably 
accidental pre dissociation or only pertur- 
bation. 


10.13 (Schmid & Gero) 

10.87 (Hagstrum) 

II 55 (Schmid & Gerd) 


I2.g±0 3 (Howell) 


Fourth Positive. 

Angstrum IB *A ^n] 

Third Positive, 

[5 3 n] 

Herzberg [C ^n] 

[c 3n] 

Hopfield-Birge 

[E mn 

Hopfield-Birge | 

[F 15+] ; 


Predissociation in A *n .state. 

Predis.sociation in B and b 35 + states, 
by a 35+ state The potential maximum 
of a' 35+ state lies at ii.ii volts, the true 
limit being situated at 10 87 volts (Hags- 
truni, KM?)* 

Predissociation in C c 35 +, E >5 states 
respectively. 

Extrapolated term convergence in F *fl 
state, with a possible error of o 3 volt 
(Howell, (1949) 


to be 10.87 volts. The eflFect at 9.6 volts is probably doubtful, as Herzberg 
(1937) has observed that the nature of weakening of a few vibrational lines 
may indicate accidental predissociation or only perturbation instead of real 
predissociation . 

In view of the above, it is proposed to consider the effects at 8,87» 10.13, 
10.87, 11-55 and 12.9 volts, as the rest appear to be doubtful. 

HI 

Value Proposed for D(CO) 

It islcnown from the experiments of Fallings, Groth and Harteck (1938) 
that light of A 1470 ^ is not able to dissociate CO. This means that the 
value of DiCO) is higher than 8.44 volts corresponding to A 1470 A, and 
supports the view that the effects listed below 8.44 volts in Table I are not 
real predissocialions. The same absorption experiments also show that 
light of A 1295 ^ (corresponding to 9.57 vplts) is able to dissociate CO, 
thereby providing us with a range a 8.^4*“9.57 within which the value of 
27 (CO) must lie. As will be seen from Table I that within this range there 
is only one value, viz., 8. 87 volts, which obviously is the figure for I?(CO). 

This deduction apparently does not agree with the results of Kenty, 
Aicher, Noel, Paritsky and Paolino {1946), who found that metastable xenon 
atoms with an excitation energy of 9.4 volts failed to dissociate CO. Valatin 
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(194S), however, feels that this value does not give a lower limit for D{CO), as 
dissociation by collision is a function of transition probability. 

With the assignment of I>{CO)= S.S7 volts, the various levels corres- 
ponding to dissoci^ition of CO into products with different combinations of 
atomic states may now be calculated with the known atomic term values 
of carbon and oxygen fBacher and Goudsinidt ; Shenstone, 1947) given 
in Table II. 


Table II 

Atomic term differences of carbon and oxygen 


Carbon is* 2 S* 2 />"'* 


t)xygen is^ 2 s'^ 2 p* 


,s 2/,2 3p — 1 / 3 s:j _25 volts 

g2p2 Sp _ gSp2 — 2'6'J ,, 

.s2/,2 ■’P-Ap'' •\S=-4-,6 „ 


s2pi 3p_s2p4 >0 = 1.96 volts 
A?/,! 3 p _s 2/>4 >5 = 4.17 „ 


The.results have been given in Table III, in the last column of which 
the observed limits from Table I have been reproduced for comparison. 


Table III 

Calculated limits on the basis D(CG) = 8.87 volts 


Dissociation scheine 

1 

Calculated limits 
above X in volts 

Observed limits 
in volts. 

C(3P) + 0(3P) 

— 

i 8.87 

C(>D) -t- 0(»P) 

10.13 

10.13 

C(3p) + 0('D) 

10.83 

10.87 

C(>.S) + 0(3p) 

11-54 

11-55 

C(3p) + 0(>5) 

' 

13-04 

12.9 


It is obvious that the dissociation scheme proposed by the author with 
Z)(C0) = 8.87 volts explains the observed results satisfactorily. 


IV 

Value 0} L{C) 

Taking D(CG) =8.87 volts the value of latent heat of sublima- 

tion of graphite into C(*P) atoms is obtained from the following thermocdiemi- 
cal equations. 
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From heat of formation CO + 27.2 kcal= [C] + JO.. 

From heat of dissociation 

of O2 (Spectroscopic value) iOs + 58.6 kcal = ();’ 7 ’) 

By definition [C] + /-'C> =CCPi 

CO +D'CO; =C( 77 + 0 ( 7 ') 

Adding LiC) =D(CO,- - 85.S0 kcal. 

= 204.54-85.80 ,, 

= 118.74 

It is worthwhile comparing this result with the figures available from 
the experiments on the subliinatiofi of graphite. The experimentally 
determined values of L[C} cover a wide range, (Springa^l, 1950). 
There is a set of low values near t'20-125 kcal, and at the highest limit 
values up to 170-210 kcal 'Goldfiniger and Jeunnehoimne, 1936 ; Marshall 
and Noiton, 1937 ; Vaughan and Kiiistiakowsky, 1932) have been claimed. 
Some of the investigators have supported the higher values at about 170 
kcal ''Long and Norrish, 1946 ; Valatin, 194S) on the assumption that 
graphite requires this amount of energy, to vaporize into C'sp^ ^S) atoms. 
The presence of the '’S state of carb9n in equilibrium vapour pressure 
measurements has, however, been questioned vShenstone, 1947 : Hggstrum, 
1947 ; Springall, 1950; on the ground that this state is not a metastable 
state. In the oi^iniou of the majority of the investigators LiC) is less than 
140 kcal, but the adoption of a single value for the sublimation of carbon 
does not fully account for the higher figures obtained by direct measurements. 

If it is postulated that the lowest figures (~ 120 kcal.) available from 
the experiments on the sublimation of graphite correspond to its vaporization 
into C(®F) atoms, the higher figures can be explained by assuming that under 
different experimental conditions the products of sublimation of graphite 
are C{s®/>“ ’I?) and C{s^p‘ 'S) atoms as given in Table IV . 

Table IV 

Latent heat of sublimation of graphite, taking DiCUj — S.S? volts. 


State of 

15 ^ 2S^ 2p^ 

152 25 


C atom 

1 



*5 


L kcal — 

118.74 

147. So 

180.31 

215.14 kcal 


For comparison, calculations for the ’5 state of carbon ate given the 
last column, which disagree with the experimental results. It appears 
that the *S state of carbon does not take part in these measurements. 


Average energy of (J-H bond in methane. 

In CH4 the 4 C-H bonds require different amounts of energy to get 
ruptured in succession. From direct measurements of the photobromination 
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of CH4 (Anderson, Kistiakowsky and Van Artsdalen, 19+2 ; Kistiakowsky, 
and Van Artsdalen, 1944) and electron impact experiments (Stevenson, I942)> 
the energy required to rupture the first C-H bond, denoted as D(CH,-H), 
has been found to be loi + i kcal. The energy required to rupture the 
succe>sive C-H bonds is lower than this figure (Voge, 1936, 1948). For 
tho last C-H bond, we get from predissociation in CH, DiC-H) equal to 
80 kcal, (Shidei, 1936). Thus on the basis of direct measutements only, 
the average energy of the C-H bond in CH^ lies somewhere between the 
limits 102 and 80 kcal. 

Calculation with the aid of therniocheiuical equations are expected to 
give only the average value of the energy of C-H bond in CH4. In the 
Ihermochemical cycles it is, however, necessary to make a fundamental 
assumption as to whether in CHj, tetravalent C is in the — *P, *1?, 
states or sp* •’5 state. As an example, the calculations on the basis that C 
is in the state are given below. 

Let D(CH4) represent the total energy required to dissociate CH* into 
C(*P) atom and 4 H(*S) atoms. 

Then CH*-i-I?(CH*) «»C(®P) +4H 
C{*P) =[C]+L(C) 

• 4H = 2H2 + 210 kcal. (spectroscopic value) 

[C] -t- aHa^CH* + 17.87 ,, (from heat of formation) 

Adding r>(CH*) = L(C) + 227.87 kcal. 

= 118.74 + 227.87 ,, 

= 346.61 „ 

Therefore average energy of 

C-H bond =86.65 „ 

Other values calculated on the basis of the C atom being in the ’S, 
states are given in Table V. 


Table V 


State of carbon 
atom in CH 4 

lS ^2 S ^2 p ^ 

Z 5^282 

1 1 

ID 1 

>5 


Awage energy of 
C -H bond in kcal. 

86.S5 

93 92* 

102.04 

110.75 


As the average value of the energy of C-H bond in methane cannot be 
higher than 102 kcal., it appears that the assumption made in the last column 
is not valid. It would be more justified if we assume that in CH* the 
tetravalent C atom is in the *P, ot *S state of the configuration is*as*2^*. 
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Voge’s (1936, 1948) calculations for CH4 also show that the “’5 level does 
not properly measure the energy of the carbon atom in the quadrivalent 
state*’ 
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JOSHI-EFFECT AND THE H. F. COMPONENTS 

By G. V. BAKORE 

{Received for pnblicati February 26, jq^t) 

ABSTRACT. The theory of Joshi-cftect, as proposed by Deb and Ghosh is shown to 
be inadequate. It is p linted out that the occurrence of both the positive and Ihe negative 
Joshi-effect is possible on Joshi*s theory consistent with the findings of Klemenc, 
Hinterberger and Hoffer. 

Results of Warburg and Lcitliauser (1903) indicated the presence in the 
discharge current of frequencies much higher than that of the exciting field. 
Klemenc, Hinterberger and Hoffer \i937) have shown that the h. f. 
components of the discharge current originate from the neutralisation of 
surface charges when the exciting potential is passing through its zero value. 
Since the surface charges are deposited on the dielectric surface {e.g. the 
glass walls) the neutralisation takes place in a number of sparks between 
small isolated elements of the surface charges. Joshi (1944) has observed 
that decrease in the discharge current under irradiation is associated with the 
suppression of these high frequency components. Deb and Hhosh < 1946- 17, 
1948) have offered an explanation for the suppression of the h. f. components 
under light. According to these authors (1946-47) “The effect of light is to 
restrict the formation of the surface charges on the glass walls. This is 
because the electron-affinity of the glass surface is small and even the red 
light has sufficient energy to detach the electrons from it.” In a later paper 
these authors (1948) remarked “The surface charges are deposited not directly 
on the surface of the glass walls but rather on the adsorbed mono-molecular 
layer of the contained gas which is formed on the dielectric surface. The 
surface charges will therefore be quickly and more completely formed if the 
electron-affinity of the gas molecules is high. Hence the greater the electron- 
affinity of the gas used, the greater will be the proportion of the h. f. 
components (produced by the discharging of the surface charges) in the total 
current and the greater the percentage reduction”. 

If the surface charges are deposited on the adsorbed layer of a gas of 
high electron -affinity, the detachment of electrons by ordinary light will be 
difficult and the effect will therefore be least in case of a gas of high electron- 
affinity. The effect, on this theory, should therefore be least and not greatest, 
as has been argued in case of chlorine. In addition, the statements of the 
authors are in themselves contradictory. 

Other drawbacks of the Deb-Ghosh*s theory are that the occurrence of 
the positive Joshi-effect and that of the irreversible negative Joshi-effect 
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recently observed by Marathe and Bcmtnannver (1.95c)) cannot be anticipated 
from the theory. 

Earlier, Joshi (1946) advanced a theory to explain the plicnonienon. 
According to him: (i) under the electric discharge, an activated layer is formed 
on the electrodes and it is in dynamic equilibrium with the excited gas phase ; 

(2) as a primary step, photo-electrons aire emitted from the active layer and 

(3) the photo-electrons are con vetted 5 into slow moving negative ions due to 
the electron-affinity of the excited jgas molecules ; these negative ions 
account for the effect. 

The theory is not inconsistent wit|t the findings of Klemenc ei al (1937). 
The liberation of the photo-electrons f|om the active layer reduce the surface 
charges, thus reducing the intensitjl of the discharge pulses. The conver- 
sion of these photo-electrons into slo\^' moving negative ions increases the 
sparking potential of the surface c^rges. The increase in the sparking 
potential suppresses the di.-icharging of?the reduced surface charges when the 
exciting potential is passing through ite zero value. It is obvious that the 
magnitude of the increase in the sparking potential will depend on the 
negative ions formed and therefore t>n the electron-affinity of the excited gas. 
The suppression of the h.f. components will therefore be more complete 
with increasing electron-affinity of the excited gas. This accounts for the 
maximum % Ai in chlorine. 

The conversion of the electrons into negative ions will be permanent at 
low electron energies and therefore should be favoured al low x/p or /and 
with light of low frequency. It is therefore expected that the irreversible 
negative Joshi-effecl should occur at low exciting potentials and with light 
of low frequency. This is actually observed. 

If, however, the liberated electrons are not converted into slow moving 
negative ions of low mobility, they will reduce the si)arking potential of 
the surface charges by ionisation by collision and thus facilitate the discharg- 
ing of the surface charges with a consequent increase in the current. This is 
the positive Joshi-effect. The probability of electron-attachment decreases at 
large electron energies and also with the decrease in the electron-affinity of 
the excited gas. It is therefore only to be expected that the positive Joshi- 
effect will occur with a gas of low electron-affinity as also at large x/p or/and 
with light'’of high frequency as observed. ' 

On this basis it is clear that the net effect A* will be the algebraic sum of 
— Ai due to negative ion formation and + Ai due to ionisation by collision 
c&used by the liberated photo-electrons. 

Joshi 's theory {1946) thus gives a more detailed picture of the mechanism 
of the light-effect consistent with the findings of Klemenc, Hinterberger 
and Hoffer (1937). 
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PATTERN OBSERVED IN ELECTROLYSIS 

By BRAHMANANDA MISHRA 

(Received for publication, February 28, i9S>) 

Plat^ XI 

■V 

ABSTRACT. Very dilute solutions of 1^1, HjSO^, CUSO4 and NaCl were electrolysed 
ill a rectangular trough. Regular linear patlBms were produced by the chemical action 
of chlorine and sulphate ions on the ano9 plate and by the deposit of sodium and 
copper iona on the cathode plate. Rvolntiln of hydrogen ions in the form of linear 
vertical patterns was also noticed on the iptfaode plate. I'roin the observations it is 
suggested that the motion of ions takes place in discrete layers under the action of 
electric field. | 

INTRO D| U C T I O N 

J* 

While performing an experitneaf on electrolysis with a very dilute 
solution of CuSO^, it was observed that chemical action took place over the 
anode in the form of linear vertical lines separated by distinct regions of no 
chemical action. INbe experiment was repeated with various dilate solutions 
and identical effect was noticed in all cases. 

BXPBRIMBNTAL ARRANGRMENT 

In figure i, DF is a rectangular trough containing a vertical anode plate 
B and a vertical cathode plate C, each having an area of nearly 200 sq. cms. 
The concentration of the solute was roughly i grm. per litre. A current of 
0.2 amp was passed for about 3 hours. On the anode side, the pattern 
was produced by the chemical action of chlorine or sulphate ions on the 
anode plate. The pattern came on all plates but the best contrast was 
produced when aluniinittm was used aS anode. On the cathode side, the 
pattern was produced by the deposit Of sodium or copper ions on the 
cathode plate. Evolution ot hydrogen ions also produced the pattern on 
tlM cathode plat*. The anode and the cathode plates were cut at random 
from one big sheet so that the orientation of the edges of the different plates 
were different with reject to the edges of the original big sheet. 



Fig. I 
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B. Mishra 

EXPERIMENTAI^ RESUl^tg 


The eacprimental result is indicated in Plate XI. 83^' illuminating 
the electrode plates from one side, the pattern can be demonstrated to a 
large audience while electrolysis is going on. About 70 exposures were given 
and each time a pattern was observed. The result is also reproduced when 
the solutes are changed. Attempts with HCl, HaSOj, NaCl and CuSO^ 
solutions have been successful. On the cathode side brass and aluminium 
plates were used and the fringe system due to hydrogen ion,, was photo- 
graphed. With the change of cathode plate, the hydrogen ion pattern is 
reproducible with almost identical spacings. 

The spacing of the fringe system depends on the current and diminishes 
when the current is increased. The distance of separation between two 
consecutive lines of the pattern were measured with a comparator and flic , 
values were found to lie between 0.24 mm,, and 0.74 mm. 

DISCUSSION 

The observation recorded in the paper does not appear to have been 
noticed by previous experimenters. This may be due to the fact' ' that for 
the successful production of the pattern reported by ’the author, it is very 
much necessary to use very dilute solution, to keep the current ' density low, 
and to pass the current for a long interval of time. With comparatively 
strong solutions or larger current densities, the spaciugs between successive 
lines get reduced and escape observation. 1 “. 

In all the observations, vertical linear patterns are simultaneously 
produced ou the cathode aud anode plates. The distances of separation 
between the lines on both the plates are of the same order. With .the change 
of plate on the cathode side, the hydrogen ion lines are prodnb^d-iidth 
almost identical spacings. If this phenomenon were dpe to>^aurfacd .acfikm; 
the patterns observed could not have been ; vertical on aU the p1at«i-i 
some plates these would have been oti^iously oblique, . befcatlse^IlQ 
these plates were inclined to the edges of the original. sheet. So rtitjritftHjfy* 
of the phenomenon ^ing produced by surface conditions of the .electrodea^^ls 
ruled out. It is suggested tbat under the acticm of the ieleht^'i^ld 
solutes arrange themselves in discrete layers inside the solution. Further 
experiment is being done to study the actual nature of the phenomenon. 

\ v' 
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STANDARDIZATION OF WIND PRESSURE AND TEMPERA- 
TURE VARIATIONS AsIreGARDS THE DESIGN OF 
OVERHEAD LINES Wih'H PARTICULAR REFER- 
ENCE TO CONDITld'lS IN WEST BENGAL* 

By ]S|. DA'ITA 

' I 

{Received for f>u^cation, March ^5, 1951) 

c 1B0TR1CT. In the present paper a modified formiila foe calcnlating the tension at 
overbad trausmissipn lines has been Kvelpped after critically examining the, f:litpatje 
conditions prevailing in the state of West! Bengal. It is ionnd that we are inf'teasing 
nnnecessarily the cost of construction of s^ch overhead lines by using the existini^.fprmula 
which is based on climatic conditions not j^revailing in this state. 

lNl‘R0:iyt7CTl6N 

... ri .... 

Overhead Jlioia design is generaUy governed by official regulations which 

«ir i ^ 

lay down factors of safety, loading conditions, tnininiuni ground cleafances, 
and provisions relating to road crossings, telephone interference, etc ,, Hie 
object of the present paper is to discuss the adequacy or otherwise of 
the ejtidtiug regulations for meeting the climatic conditions prevailing in 
West'Bengal. 


EXISTING REGULATIONS 

The design conditions specified for the state of West Bengal are briefly 
as follows : 

(i) Ice loading is to be ignored. 

'' (i)'' The minimum and maxitnutn temperatures specified are 50®!^ and 
i3o®P respectively. 

(3) -The wind is assumed to blow horizontally on the line conductors 
f" and -te exert a pressure equivalent to 20 lb. sq. ft. calculated on 

$rd dt the projected area of the conductors. 

(4) Factors of safety. , 

’{*1* Sf fot c<Miductors (under conditions of maximum loading and mini* 
mum temperature). 

iity a.s» f<Mr metal supports (wind assumed to exert a piessure equivalent: 
fo sh? tb./aH. ft. bn li times the area of one face of the support.) 

■ 3 1 for guard wires mr bearer wires. 

A 

* Cbituttiilikate’d by Frof. F. C Mahanti. 
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(5) The tninimutn height of conductors is to be not less than 20 ft. from 
the ground at any point of the span at a temperature of T3 o®F. 

The loading conditions in Bengal are not only less severe than in the 
U.K. but there is less difference between the loaded and unloaded condi- 
tions. The same minimum figures for safety factors as EI.C.S3 in the U.K. 
are, however, specified : this would appear to be unreasonable. 

PROPOSED ALTERATION OF REGULATIONS 

The loading conditions adopted by the different Indian Provincial Govern- 
ments have been criticised as irrational, and further consideration has been 
recommended with a view to reduction in line costs (Coventry, 1949)- 

In Britain also, as the result of extensive experience of high-voltage 
overhead lines, suggested modifications of the present code of Overhead Line 
Regulations El. 0.53 (1947 Revised) have been published (Grimmitt, 1949) 
to elicit criticism before the preparation of a final draft. 

The object of the proposed amended regulations is to reduce the capital 
cost of overhead lines, to simplify construction, to reduce ground clearance 
and ip improve appearance without affecting public safety. 

Many of these suggestions will, ho doubt, be suitable to Indian con*Si- 
tions, and if implemented will materially reduce the cost of line construction. 
As examples the following may be cited : 

(a) Minimum Conductor Ground Clearance. 

This is 17 ft. for ii kV lines, and 20 ft. upto 66 kV lines, except at road 
crossings where the clearance is 19 ft. for ii kV and 20 ft. for the 
higher-voltage lines. 

(&) Earthing and Bonding. 

The new regulations permit non-earthed metal work on wood pole 
supports. 

ic) Road Crossings. 

It will not be necessary to provide duplicate insulators, earth bars or 
arching horns at road crossings. The construction will be similar 
to that for normal spans, subject to the use of insulators of the next 
higher rating to that recommended in Table 2 of B.S. 137, 1941 
for the appropriate line voltage. 

(d) Factors oj Sajety. 

There is a suggestion for dropping of the term “ Factor of Safety ” in 
the case of overhead lines. An empirical formula has been proposed 
for tensioning line conductors. Such tension is not to exceed 75% 
of the breaking load at 22 ®F instead of 50% as hitherto. 

It is noteworthy that the Central Electricity Commissimi in India 
has directed its attention to the question of standardization of wind pressure 
and temperature variations to be adopted for simplificatirm of overhead line 
design and construction. 
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SPBCIAI^ FBATURE PERTAINING TO WEST RENO A I, 


In planning a regional scheme for electrification, it is necessary to consider 
the special local climatic and geographical conditions prevailing. 

(i) Temperature. 

To estimate the normal variations of temperatures to be expected in the 
area. Table I has been compiled from records of the Meteorological 
Dept., Alipore (Calcutta) ^I*at. 2Z°32' N ; I^ong. 88^20' E ; 
height 20 ft.) I 

i 

tJblb I 

Maximum and minimt^i shade temperatures, ®F 


Month 

1941 

1942 

1944 

1 1944 

1945 


1947 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 





Max 

Min 

Jan, 

84 

49 

8t 

B 


52 

89 

50 

86 


87 

47 

83 

50 

Feb.* 

93 

54 

94 

50 

88 

49 

90 

54 

92 

49 

93 

55 

9 ^ 

52 

Mar. 

106 

63 

lOI 

64 

XOI 

60 

07 

63 

100 

57 

102 

62 

100 

63 

Apr. 

107 

73 

103 

69 

101 

67 

101 

66 

lOI 

68 

96 

68 

108 

74 

May 

102 

72 

108 

74 

100 

73 

1^5 

72 

100 

72 

TOI 

69 

103 

73 

June 

100 

74 

106 

76 

97 

74 

109 

75 

104 

76 

98 

74 

99 

75 

July 

95 

75 

95 

77 

95 

76 

95 

76 

94 

78 

93 

76 

95 

78 

Aug. 

95 

75 

93 

75 

93 

76 

97 

75 

96 

76 



95 

75 

Sept. 

96 

77 

93 

76 

95 

77 

95 

75 

94 

76 

95 

75 

96 

76 

Oct. 

95 

^7 

94 

71 

i 95 

1 

68 

91 

67 

94 

70 

93 

69 

95 

66 

Nov. 

90 , 

57 

89 

1 


92 

59 

92 

55 

89 

57 

88 

59 

92 

59 

Dec. 

86 

53 

86 

50 

85 

S 5 

86 

51 

84 

47 

86 

54 

86 

51 


Approximate additions to above for sun temperatures in ®F are as 
follows : 

Jan. 55 ; Feb. 64 ; March, 63 ; April, 62 ; May, 66 ; June, 71 ; July, 71 ; 
Aug. 67 ; Sept. 66 ; Oct. 67 ; Nov. 62 ; Dec. 65. 

The ^gures in Table I indicate that the normal range of shade tempera > 
tlire variation is 47® — lop^F, no temperature higher than 109" having been 
recorded during the last 10 years. The corresponding sun temperatures 
are 47® +55" *=102 ®F in January and 109® + 71® = i8o*F in June. Thermal 
raUllgy ot tranafmrmers and feeder equipments have to be reduced cmisi'' 
derably in view of these high ambient temperatures. 
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{2) Wind Velocities. 

Table II gives the maximum wind velocities recorded at the Alipore 
Observatory for the years 1939 — 47 * 

Table II 


Maximum wind velocities in m.p.h. 


— 


1940 

1941 

1942 

»943 

J944 

194s 

1 : 

H 

^947 

Jon. 

28 

21 

45 

20 

22 

27 

18 

24 

30 

Feb. 

38 

43 

37 

44 

39 

37 

26 

1 

32 

27 

Mnr. 

33 

53 

34 

3 ^ 

46 

51 

29 

38 

35 

Apr. 

40 

35 

52 

46 

46 

42 

39 

62 

38 

May 

74 

60 

48 

50 

44 

46 

36 

80 

48 

June 

64 

67 

46 

j 

50 

39 

50 

... 

52 

49 

1 

July 

35 

69 

43 

SO 

40 

34 

• 0 • 

44 

4 o 

Aug. 

57 

33 

47 

34 

30 

27 

• •• 

34 

. 48 

Sept. 

39 

41 

37 

30 

38 

25 

... 

36 

32 

Oct. 

29 

31 

33 

67 

39 

30 


50 

40 

Nov. 

28 

20 

22 

34 

20 

20 

28 

22 

22 

Dec. 

20 

23 

20 

22 

20 

16 

28 

26 

26 


No record. 


The table indicates that the maximum wind velocities were recorded in 
summer months for each of the nine years of record examined. Meteorological 
records also show that over the same period only on three days did the 
maximum velocity exceed 70 m.p.h. and that only for a few minutes. The 
normal wind velocity seldom exceeded 30 m.p.h. 

The effective wind pressure on a plane surface may be obtained from 
0.003a F*, where p is the pressure in lb. /sq. ft. everted by a wind of 
velocity V m.p.h. In calculating pressure, only the projected area of the 
surface need be taken into account. For circular conductors the streamlining 
of the air flow permits two-third of the projected area to be used. For the 
maximum recorded velocity of 80 m.p.h., wind pressure is 20.5 Ib./sq. ft. 
For a velocity df 30 m.p.h., the corresponding pressure is <mly a.88 Ib./sq. ft. 
It is to be noted that the worst wind loading condition does' not occur at the 
time of minimum temperature, when the stress in the conductor Ts high, but 
is to be expected in the summer, when sudden squalls of short duratiem mcky 
occur. During the low -temperature period the wind loading is relative^ 
light. 
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As tower costs are afifected by sag, it is a matter for careful considera- 
tion whether conductors should be strung at maximum temperatuie to a 
definite tension limit or to a higher sag. This is discussed more fully later. 

Further, the British proposal to d^op " factor of safety ” in favour of an 
empirical formula for tensioning line conductors presents the question 
whether this method could be satisfactorily applied in West Bengal. Here 
maximum working stress in the conductor does not occur at the minimum 
temperature where no wind loading is^ likely to be encountered, unlike the 
usual limiting consideration of the twisting regulation, i.e., maximum work- 
ing tension at minimum temperature ^ith maximum loading. The maximum 
sag of conductors also would occur 4 t maximum temperature with maximum 
loading and this condition determine^ the height of the supporting structure. 


MODIFIED FORMULA. C A D C U b T I O N OF SAG 


The line must be erected so that at the conditions then prevailing, usually 
a lower temperature and no wind, the above conditions are complied with. 
tyCt w — the weight in lb. per fodl of conductor. 

IV — the resultant pressure in lb. /foot of line when subjected to wind. 
~ (i) length of the line in ft. under worst condition at maximum 
temperature and maximum wind pressure. 

Tq — the line tension in lb. being half the breaking load. 
t° — the erection temperatijre in defect of i3o“P. 

Z, — the line lengUi in feet during erection, t.e.,(i3o'’ — Z®), assuming 
still air. 

T I — the tension at erection. 

E — the modulus of elasticity in Ibs./sq. inch 
a — Cross-secfional area of the line in sq. inch. 

A. — Ey- a (modulus of the w'ire of area a). 

. « — cp’-eflBciept of linear expansion of the material of the conductor. 

I'he line will contract due to thermal effect for a temperature fall of 
by an amount = ZjWf. 

The line will also contract elastically -when wind load is removed by an 

amount p. 

Calculation of 


We know. 


change of stress _^ 
change of strain 


change of tension *= "“ T j 


change 


of stress = — 'Ll 
a 


change in strain 


A. 

Z, 
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a 




r,-T, 


Hence the lulal coutt action (Z, — Z, ) 

= Z««t + Z< 


T^-Tt 


Hence the line length at erection is given by 

Z,=Z, (i-ai- 


"•;s) 1-- 


Neglecting product of small quantities the above equation may be reduced 
to the form 


r,“ + r<’ 




... (l) 


which is of the form 

T,* + r,M-B*o 

This is a cubic equation in T t and may be solved by a graph or by Newton’s 
approximation or by slide rule. 

It may be remarked here that the existing formula is 


Tt* + T, 


*( 

6 TJ 


-r.j 


6 


... is 1 


Which is being wrongly used on the assumption that worst loading condition 
occurs at the time of minimum temperature during winter momtha, while the 
statistical data mentioned earlier clearly indicate otherwfoe. 

The positive sign before A«t indicatoB that the erecti<ni temperature is 
higher than the temperature when worst loading condition will occur. But 
in equation ( I ), Aa^r js negative because the erection temperature is below 
the temperature of worst loading condition. 

For a comparative study an example is given below. 

OVERHEAD dine DESION AND CADCUDATION OP 

tension 

Basis 

Span — 400' 

Size of cxmductor — 3/. 147 or .05 sq. inch copper equivalent. 

Temperature— min — 50’F 
ma3c — i3o®F 



2as 


StonAardizatian of f * rc 8 ssure etc . 

Wind pressure = 20 lbs./ sq. foot 

Wt/ft. raa of conductor .200 lb. 

WiadM.-^x,o -.saSIb. 

Resultant wt/ft. of conductor including windage 

=» */.528’^i~2‘ » V .04 + .279* V .319 = -565 lb. 
Breaking load = 2920 lb. \ 

I 

Safe working load = 1460 lb.| (assuming factor of safety 2) 

a I 

£= 18x10* lbs./sq.|in. 
a» 9 .a 2 X IQ-* °F I 
\ = Ea 

\al= 18 X lo* X 9. 

, .565^x200^: 

6r,* 6 X 

X 200* X 18 X 10* X .05 

8 ^ — 240 ^ 10 

6 o 


!2 >< 1 * 0 “* X .05 X i 

' i8i|< 10* X .05 
^ 


Take 111 

Tension at different erection temperatures (without wind load) 



Existing formula 

Modified formula 

Temperature 



) 






•F 

Equation 

Solution* 
Tension in lbs. 

Equation 

Solution* 
Tension in lbs. 

130 

r 3 4- 104 r* 

*240 X lO* 

588 

2’»-56o 2*3 
=■240 X 10® 

874 

120 

33 4-21 7 a 
■*240X10® 

615 

2 ’ 3-643 

= 240 X 10® 

934 

no 

i 

r»-62 T* 

sa 240 X 10® 

643 

7 ' 3_726 2’* 

= 240X 10® 

977 

100 

T 3 -, 45 r» 

=■240 XIO® 

674 

2 3-809 2’* 

= 240 X lo® 

1034 

i 

i 

90 

T 3~228 i* 

S240 XlO® 

708 

2 ' 3 - 892 2*3 
= 240 X lO® 

1 1093 

So 

r 3 - 3 ii '/'* 

■■240 X lO® 

745 

TS -975 2*3 
= 240 X 10® 

1155 

70 

2 3-394 2'3 ^ 

=■ 240 X 10* 

7«5 

2*3 -1058 2 * 
<*240X 10® 

1219 

60 

2 * 3-477 T* ^ 

■*240 X 10® 

828 

T 3 -ii 4 i 2*2 
ss 240 X 10* 

1286 

50 

2*3-560 r» 

■>240 X 10® 

874 

T 3 — 1224 7*3 
»240XI0® 1 

1355 
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Table IV. ' 


Tension for, differeut span lengths at 130 '’F ^vithoutVindToad); 



hat 

AE 

1 ^ ftT ^ 

\ 01, 

j AE 

1 * 6 

Equation' * 

* 

Tension (lbs) 

Span ; 
in ft. 

for 

exis- 

ting 

for- 

mula. 

for 

modi- 

fied 

for- 

mula 

for 

exi'^- 

ting 

for- 

mula. 

1 

for 

modi- 

fied 

for- 

mula. 

^ for 

exis- 
ting, 
for- 
mula 

for 

modi- 

fied 

for- 

mula 

1 

by 

existing 

method 

. by 
modified 
.method. 

hY 

exis- 

ting 

me- 

thod 

by 

modiii 
ed me 
thod. 

375 

664 

0 

789 

789 

211 X 10^ 

21 1 X 10^ 

T»-7T® , 

= 211 X 10* 

TS- 67 ‘i 2 '* 

= 211 XIO® 

598 

1 

920 

400 

664 

0 

900 

900 

240 X 

240 X 10^ 

r® 4 - 1047’* 

= 240 X 10® 

73 _ 5607’* 

= 240 X 10® 

588 

i 

874 

500 

664 

1 

0 

1405 

1 1405 

375^ 10® 

375 

T® + 6o9T2 
= 375X10® 

7 '®- 5 ST* 

==375X10® 

565 

740 

^550 

664 

0 

1700 

lyoo 

453 X 106 

453 ^ 

r 3 + 9 c) 4 T*^ 

= 453 X 10® 

7'3 + 240T* 

= 453 X 10 ® 

557 

696 

600 

66 i 

i> 

2025 

2025 

1 

540 X 10® j 

540 X 10^, 

'n + i 22 gT^ 

= 540 X 10* 

7 ’ 3 + 36 ^T 2 
= 540X10® 

550 

663 


Erection temperature = i3o°F i.e. rise of temp, i — 8o°F (for existing 
method). Defect of temp, t *= o°F (for modified method). 

It is assumed that at the time of erection there will be no wind load. 


C O N C 1/ u s IjO N S 

Tables III and IV show the increased tension of the order allowed by 
the modified formula. It will be clearly seen that the lines may be stressed 
to considerably reduced sag to obtain much larger spans with the same height 
of pole and same clearance. 

The condition stipulated by the modified formula exists on the warmer 
and central side of West Bengal where at the temperature. of 5o°F (a^umed 
minimum temperature), a wind loading which produces a horizontal pressure 
of 20 lbs. per sq; ft. upon the “projected area” is never obtained. It is 
thus evident that by using equation (2), which is based on the prevailing 
British ‘ climatic conditions, one increases unnecessarily the cost of overhead 
line construction. 

, 
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ANOMALOUS VARIATIONS IN THE ANGLE OF DOWN- 
COMING RADIO WAVES AND THEIR BEARING ON 
THE FADING OF SHORT WAVE SIGNALS 

By J. P. SRIVAST4VA AND V. D. RAJAN 
{Received for publication, January 2. 1951) 

ABSTRACT. It has been found tha^ there are often anomalous variations iii the 
angles of arrival of the down-coming radio |vaves from the ionosphere. A detailed study 
of the variations of intensity of short signals in the range between 16 m and 41 m 
bands, along with the simultaneous meafurement of tlie angles of arrival of the down- 
coming waves, has therefore been made. 'l|i® circumstances under which such anomalous 
variations resulting in abnormal values for the angle of arrival may be obtained, are 
discussed- It has been shown that when singly or doubly reflected waves are present, 
normal values of angles are obtained, which agree with the theoretically computed results. 
The anomalous variations and abnormal values of the angles have been explained to be 
due to the presence of ordinary and extraordinary rays arising from magneto-ionic 
splitting. This is borne out by the normal and fairly constant values of angle obtaiifed 
when j&e extraordinary wave alone is present after disappearance of the ordinary wave 
component. A few examples of such observations have been given. 

INTRODUCTION 

During our observations on the variation of intensity of short wave 
signals it was found useful to measure simultaneously the angles of arriva,! 
of the down-coming waves in order to obtain information about the exact 
region of the ionosphere which was responsible for the reflection of these 
waves. The results of such observations have been briefly stated in some 
the earlier publications from this laboratory (Banerjee and Mukherjec, 
1946, 1948; and Banerjee and Singh, 1948). A detailed study of such 
observations, however, reveals that there are very often anomalous variations 
in the angles of arrival of the down-coming waves which are associated 
with abnormal values of these angles. It is the purpose of this paper to 
the various circumstances under w'hich such anomalous results are 
obtained, and also when normal values of the angles are observed. The 
correlation < between the variations in the angles of arrival and the intensity 
of the received signals has been shown and its importance in finding out 
the conditions of the ionosphere for the suitability of the frequency which 
may be employed for transmi^ion at oblique incidence has been indicated. 

throrbticad considerations and 

EXPERIMENTAD ARRANGEMENTS 

- The method adopted for the measurement of the angle of arrival of the 
down-coming waves is similar to that used earlier in this laboratory by 
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Banerjee and Mukherjee (1948). For clarification, however, a brief summary 
of the principles of the method and the experimental arrang^ement is given 
below. 

In this method, the mutually perpendicular electric and magnetic fields 
associated with the down-coming wave are received separately by a vertical 
and a frame aerial (Appleton and Barnett, 1925) connected to two superhet 
receivers as shown in block diagrams in figures x and 2. Taking into 



T 


Fig. 1 Fig. 2 

account the absence of ground wave at the present working range of distance, 
a simple formula connecting signal currents due to the two aerials and the 
angle of arrival can be derived as shown below. 

If 7 be the mean total current in the detector circuit connected to any 
of the aerials, and A and K be the constants of the aerial and the detector 
respectively, it can be shown that, 

7„*=2^,KeE cos ^ ... (i) 


and, I f — 'zAfK fH ... (2) 

where the suffixes v and / relate to the vertical and the frame aerials. 
B and H are the electric and magnetic vectors associated with the down- 
coming wave whose front makes an angle *!> with the ground. 

L,et Gj and Ga be the resistances of the galvanometers and Si and S, 
those of the shunts across them as shown in figures 1 and 2. If we denote 
the currents in the galvanometers by n and ig, then. 


*a — 7, 


Sa 


Si + Gi 


= 2AvKvE COS0. 


Si 


Si + Gi 


■K'.di 


... (3) 


where di and dg are the deflections in the galvanometers produced by the 
rectified currents, and K' and K " are the current constants of the galvaname- 
ters. Dividing eqation (3) by (4) we get, 


K' di 2Ai,Kf,E c os p Si Sg + G* 
K" dg zAfKfH Si + Gi Sg 



El ±s SiiSg-¥Gg) El 

K> ' Af ' S,<Sa + Ga) Hi* ^ 


(s) 
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Now, since JSsbH in proper units, and all other terms within the brackets are 
constant so long: as the shunts are the same, we have. 


±L 


— K cos 0 


( 6 ) 


It may, however, be noted that the above deductions have been made on 
the assumption of linear characterfctics of the two detecting circuits as 
used in the present receiving sets.’ In actual measurements, however, K is 
made equal to unity by adjusting th^ shunts so that the overall sensitivities 
of the two receiving systems may be|equal. 

In the present investigations ftwo similar superheterodyne receivers 
without automatic volume control li systems were used as the detectors. 
Suspended coil mirror galvanometers were connected in the second detector 
stages of the two receivers and the deflections were measured by lamp and 
scale arrangements. For making adjustments for the sensitivity , as 
mentioned above, a valve oscillates was placed at the same height as the 
two receivers at a sufficient distance away from them. The output of the 
oscillator was fed to a vertical aerial of suitable height. The direct pick-up 
of the signal, particularly by the frame aerial, was thus considerably 
minimised. The values of the shunts were then adjusted till the deflections 
in the two scales were equal after allowing for the deflections due to the 
noise levels in the sets. As the ground wave alone is present in the above 
experiment, the angle of arrival of the waves at the receivers is zero and 
thus cos ^=1. Now, wheu d, is made equal to d^, the value of K in equation 
(6) becomes equal to unity, and we get. 


=cos 0 ••• (7) 

The adjustment of the shunts for the above conditions was verified by 
elevating the oscillator with its aerial system to a measured height. The 
deflection in the galvanometer with vertical aerial decreased, and the angle 
of elevation obtained from the deflections di and ds by equation (7) was 
verified by the actual angle obtained from the distance and height of the 
oscillator. 

As the sensitivities of the two receivers did not remain the same for all 
the frequency bands, the above adjustments were made for various wave 
bands used in the present investigations. 


OBSRRVATIONS 

Observations were taken at various hours of the day and night and on 
various wave lengths in the range of i6m to 41^ bands, especially for the 
transmissions from Delhi. The variations of the angles of arrival and the 
corresponding variations of intensity have been divided into four different 
types depending on the number of reflections from the ionosphere. It has 
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been observed that the angle of arrival is fairly constant and the variations 
of the angle are also normal as long as there is only single reflection ftom 
the ionosphere. The variation of the angle of arrival increases with the 
occurrence of more than one reflection and anomalous results are obtained 
when there are two components of the wave due to magneto-ionic splitting. 
Based on the above considerations the four different types of observations 
mentioned above are under the conditions shown below. 

I. Single reflection at conditions remote from the maximum usable 
frequency (m. u. /.) Figure 3 gives the observations for transmission from 
Karachi in morning hours (0749 I. S. T. on 13.10.50.). The variations of inten- 
sity in the vertical and frame aerial systems are marked V and F respectively. 
The angle of arrival obtained was about 20“. 


3 S 



Time in minutes — 


Karachi, iQm band ; 13. 10. 50 ; 0742 Urs, L S T 


Fig. 3 



Time in msnates — ► 

Pelhi, i6m band, 14. 10. 30’; 1845 Hrs ; I. fl* T. 
FlO. 4 
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2. Single reflection due to extraordinary ray only at conditions very 
near m. «| /. Figures 4 to 7 shovy similar observations as above for transmis- 
sions from Delhi. The various types of fading patterns under this condition 
have been discussed in detail in the subsequent section . 



' ' Time in minutes — > 

Delhi, 4ini band ; 26 . 10 50.* 2000 Hrs ; I. S. T. 

FiO. 6 



.'*.' 4 , IS lo o! iUC ■' .11 .c ju / Minis In ^ 


ttc..Siy: jtfi ttiettg^stsnJbsnd, la. to..gor; 3 T. 

Fxo.-T ' -dJ i * .V i 

4-<-i77flP— 6 
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Time in minutes — > 

Delhi, 3ini band, 5. 9. 50 ; 1945 Drs ; I. S. T. 

Fio. 8 



I _L 


o I .a 

Time in minutes — > 

Delhi, 16m band, 14. xo, 50 Hra ; I* 8. Ts 

Fig. 9 

% 

3. Single and double reflections due to high ionte densiliis* T| 4 >le I 
gives the observations for transmission from Delhi on 41m bind at ogaS 
hours I. S. T. on x6.11. 50. The first t. o coltiinns show the defleftioos in the 
vertical and frame aerial systems ; the third column gives their rgtio« cos f, 
and the lest column gives the ootfeaixwidisjg values of the angle of arrival f • 
The oirves in figure 8 show the vartslion <ii ia t—s it y hi the vertical aerial 
s^stein and the variation of the ang^ of arrival* 
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Tablb I 
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4. Anomalous variations in the 'angle of arrival due to magneto-ionic 
splitting. A typical set of, observatictps the above type are shown by the 
curves V and F in figrure 9. The dotted„curve F sj^ows jyhe intensity variation 
in the frame and the full line curve V shows the variation in the vertical ^rial. 

The' observations in all the above sets have been taken at intervals of 
5 seconds ^except in the case of those relating to figure 8 where the , interv’al 
was 10 seconds), simultaneously in the vertical and frame systems. The 
correlation between the variation of intensity and the angle of arrival has 
been discussed in the following section. 

DISCUSSION OF RKSUDTS 

The following discussions are based on the above four types pf obser- 
vations. 

1. When the operating frequency is far away from the ni.u.f.,' towards 
the lower side, only one reflected wave is present and the variations of signal 
intensity in both frame and vertical aerials are small and in phase, giving a 
sensibly constant value of angle that agrees with the calculated angle for 
waves from the transmitting station reflected .from layers whose heights are 
known from ionospheric data. The intensity patterns for both vertical and 
frame aerials in figure 3 show a slow rate of variation. The value of the angle 
obtained {30”) is consistent, and this corresponds to a height of 350 Km. 
It may be mentioned that as the layer is fairly thin in the morning the 
magneto- ionic components aie not pronounced. 

2. When the ionic density is so low that the working frequency is very 
near the m.u.f. for that density, there is no possibility of double reflection. 
Hence when the ionization is falling, the condition is reached when the 
ordinary ray can no longer be reflected. After the disappearance of the 
ordinary ray, only the extraordinary ray arrives and gives rise to single wave 
reception. Under this condition, a constant value of angle is obtained. The 
extraordinary ray, however, may also disappear subsequently, as shown in 
figures 5 and 7. 

It will be seen in figure 4 that just before 1846 hrs 1 ST a hump appeared 
in both F,and F, a peak of intensity, which was more pronounced in F. This 
signifies the disappearance of the ordinary ray. Thereafter the variations of 
intensity became smooth, in phase, and a consistent' value of the angle (44®) 
W’as obtained, showing the presence of the extraordinary ray only. ’Had the 
station continued this might also have disappeared with its final peak of 
in tensity, due to focussing . effect’, as indicate4 by the rising trends of the 
two curves. But the station w’as tuned off the air at 1847, hours. This later 
stage of disappearance of the extraordinary ray was noticedj in Delhi 19 m>band 
at 1746 hburs IS'l'pn a4th October, 1930, showrf'in figure 4 - Here the V and 
F' defiectl^^were almost steady for 3 minutes;' Their faGo liaTto an angle 
45 ** during all this interval and also at the peak of intensity in both, after 
which the signal disappeared. Figure 6 shows a very slow and gradual rate of 
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fadiog of the exf/m>rdinary ray Delhi 41m. signal on 26th October, 1950, 
beginning at 2000 hours 1 ST. The graphs have been drawn on a contracted time 
scale, to bring out the slow rate of fading over a large period of time. Alt 
along, a value of 45“ was obtained for the angle. Actually the intensity fell 
down and continued at a low level for more than an hour. 

Figure 7 is an interesting pattern of fading. In the moining time the 
disappearance may be attributed to the over-balancing of the growth of ions 
by thermal expansion of the layer (Htenerjee and Singh, 1949). This may be 
seen in the slow and long-drawn oUit pattern of the final humi) before dis- 
appearance of the extraordinary ray |nd during which period a constant angle 
of 45® was observed. I 

It may be noted that these dis^pcarance phenomena were observed to 
occur more frequently in the lowe| wavelength bands (16 and 19 m) and 
shorter distance stations, that is, ofl^ignals from Delhi but not from Karachi 
or Ceylon. f 

3. If the electronic density ivL the ionospheric layer is sufficiently high, 
rays from the transmitter can reach the receiver by single and double reflec- 
tions both. It may be seen that many of the values of angle, given in column 
4 of Table I, centre round the value 47®; this corresponds to single reflection. 

A smaller number of values comes out around 6°, which corresponds to double 
reflection. The remaining values fall between these two limits. It may be 
seen that there are uo abnormal values of cos <l> vvho.se occurtjenee is a marked 
feature of magneto-ionic variations of intensity as mentioned previously. In 
Fig. 8, the general coincidence of a lower intensity of signal when the angle 
corresponds to double reflection and higher intensity when the angle corres- 
ponds to single reflection may be noticed. Also, the observations indicate 
which reflection is predominating and what are the modes of variation of 
intensity of singly and doubly reflected waves. 'Chus, it will be seen in 
figure 8 that at the beginning of the observations, second reflection was of 
higher intensity than the first but towards the end the intensity of doubly 
reflected waves was generally weak. It may be mentioned that such double 
reflections have been observed during pulse transmissions from Delhi. The 
exact nature of the contribution of the doubly reflected wave to the angle is, 
however, discussed below. 

It can be shown theoretically how much the measured angle will be 
nearer to. the value corresponding to the more predominant reflection, 
tt^uming the path difference between the rays arriving by single and by 
double reflection to be constant, and that there is no appreciable vertical 
ttibyement of tbe layet to affect the angle of incidence. Let the electric and 
magnetic vectors associated with the singly and doubly reflected waves be 
Ea. H, and Fa Ha respectively, and the angles of arrival of these waves be 
dn<i>2. As tbe field strength at the receiver will be the vector sum of 
Ith'ose dtt^ to the individual waves, the total fields causing defiections in the 
Vertical and frame aerial systems are respectively, Et cos ^i'+ £* cos and 
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4. Anomalous variations in the angle of arrival due to magneto-ionic 
splitting. A typical set of. observatictos *of the above type are shown by the 
curves V and F in figure 9. The dotted.,curve F shpwsjthe intensity^ ve yi ation 
in the frame and the full line curve V shows the variation in the vertical aerial . 

The' observations in all the above sets have been taken at intervals of 
5 seconds ^except in the case of those relating to figure 8 where the., interv’al 
was 10 seconds), simultaneously in the vertical and frame systems. The 
correlation between the variation of intensity and the angle of arrival has 
been discussed in the following section. 

I • 

I>ISCUSSION OP RESULTS 

The following discussions are based on the above four types pf obser- 
vations. 

1. When the operating frequency is far away from the m.u.f., towards 
the low'er side, only one reflected wave is present and the variations of signal 
intensity in both frame and vertical aerials are small and in phase, giving a 
sensibly constant value of angle that agrees with the calculated angle for 
waves from the transmitting station reflected .from layers whose heights are 
known from ionospheric data. The intensity patterns for both vertical and 
frame aerials in figure 3 show a slow rate of variation. The value of the angle 
obtained (30°) is consistent, and this corresponds to a height of 350 Km. 
It may be mentioned that as the layer is fairly thin in the morning the 
magneto-ionic components aie not pronounced. 

2. When the ionic density is so low that the working frequency is very 
near the m.u.f. for that density, there is no possibility of double reflection. 
Hence when the ionization is falling, the condition is reached when the 
ordinary ray can no longer be reflected. After the disappearance of the 
ordinary ray, only the extraordinary raiy arrives and gives rise to single wave 
reception. Under this condition, a constant value of angle is obtained. The 
extraordinary ray, however, may also disappear subsequently, as shown in 
figures 5 and 7. 

It will be seen in figure 4 that just before 1 846 hrs 1 ST a hump appeared 
in both V.and F, a peak of intensity, which was more pronounced in F. This 
signifies the disappearance of the ordinary ray. Thereafter the variations of 
intensity became smooth, in phase, and a consistent' value of the angle (44®) 
W'as obtained, showing the presence of the extraordinary ray only. *Had the 
station continued this might also have disappeared with its final peak of 
intensity. due to 'focussing .effect’, as indicated by the rising trends of the 
two curves. But the station w’as tuned off the air at 1847. hours. This later 
stage of disappeara|Uce of the extraordinary ray was noticcdi in Delhi 19 tn-band 
at 1746 hohrs 1ST, bn a4th October, 19310; showtf'in figure Here the V and 
F' deflecliSfiS^'wete tilmost' i^teady for's'minufes." Tlieif fbfiolecnb ati angle 
of 45° during all this interval and also at the peak of intensity in both, after 
which the signal disappeared. Figure 6 shows a very slow and gradual rate ci 
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fading of the exft^aordinary ray Delhi 41 m. signal on 26th October, 1950, 
beginning at 2000 hours 1 ST. The graphs have been drawn on a contracted^time 
scale, to bring out the slow rate of fading over a large period of time.' ■ A.!! 
along, a value of 45° was obtained for the angle. Actually the intensity fell 
down and continued at a low level for more than an hour. 

Figure 7 is an interesting pattern of fading. In the moining time the 
disappearance may be attributed to fhe over-balancing of the growth of ions 
by thermal expansion of the layer (I^nerjee and Singh, 1949). This may be 
seen in the slow and long-drawn ou* pattern of the final hump before dis- 
appearance of the extraordinary ray i^d during which period a constant angle 
of 45" wais observed. I 

It may be noted that these dis^pearance phenomena were observed to 
occur more frequently in the lowe| wavelength bands (16 and 19 m) and 
shorter distance stations, that is, of|signals from Delhi but not from Karachi 
or Ceylon.. \ 

3. If the electronic density id the ionospheric layer is sufficiently high, 
rays from the transmitter can reach the receiver by single and double reflec- 
tions both. It may be seen that many of the values of angle, given in column 
4 of Table I, centre round the value 47° ; this corresponds to single reflection. 
A smaller number of values comes out around 6°, which corresponds to double 
reflection. The remaining values fall bctw’cen these two limits. It may be 
seen that there are no abnormal values of cos whose occurilence is a marked 
feature of magneto-ionic variations of intensity as mentioned previously. In 
Fig. 8, the general coincidence of a lower intensity of signal when the angle 
corresponds to double reflection and higher intensity when the angle corres- 
ponds to single reflection maybe noticed. Also, the observations indicate 
which reflection is predominating and what are the modes of variation of 
intensity of singly and doubly reflected waves. Thus, it will be seen in 
figure 8 that at the beginning of the observations, second reflection was of 
higher intensity than the first but towards the end the intensity of doubly 
reflected waves was generally weak. It may be mentioned that such double 
reflections have been observed during pulse transmissions from Delhi. The 
exact nature of the contribution of the doubly reflected wave to the angle is, 
however, discussed below. 

It can be shown theoretically how much the measured angle will be 
nearer to, the value corresponding to the more predominant reflection, 
Assuming the path difference between the rays arriving by single and by 
doubile' reflection to be constant, and that there is no appreciable vertical 
movement o^ tlie layer to affect the angle of incidence. Det the electric and 
ttiai^etic Vector's associated with the singly and doubly reflected waves be 
kj. Hi Md'iEa Ha respectively, and the angles of arrival of these waves be 
dnd As ihe field strength at the receiver will be the vector sum of 
\hbse du6 to the individual waves, the total fields causing defiections in the 
Vertical and frame aerial systems are respectively, Hi cos M- ii’a cos and 



296 


J. P. Srioastaoa and V- D. Rajan 


Hi-t-Ha. We may assume that the ratio between the two vectors k 

which may vary. As all other conditions are the same, we can write eqtietiop 
(7) as, 

'di _ E| cos ^, + Ea cos E, (cos + fe cos _ cos 0, - 4 - fe cos 0 a (a\ 

r, H, + Ha H, (l + fc) ~ i + fe 

According to the ratio of deflections we will get an angle say, such that 

. ^ _ di „ cos 01 + fe cos 02 
cos 0a = ^ — —T 

02 I -r fe 

Thus the measured angle will depend on the value of k. 

For illustration, let cos 0,= 0.7 and cos 03 — 0.5, corresponding to the angles 
45® aud 60® respectively. Then, 


cos 0a = 


0.7 + o.sfe 
1 + k 


For different values of k, we get different angles as shown in Table II below : 


Table II 


‘ 1 

i 

0 

i 

• i 

I 

2 

B 

10 

00 

coa ^ 

0.7 i 

0.66 

0.63 

0.60 

0.57 

■■ 

0 52 

0 5 

(deijrcca) 

45 

48-5 

a 

51 

53 

55 

B 

59 

60 


A fractional value of k means that the doubly reflected wave is weaker. A 
value of 0.6 for cos 0a means that the two are of equal intensity. Thus, if either 
the first or the second is more strong, the angle will change correspondingly. 
Since in general the chances are more for the intensity of a singly reflected 
wave to be greater than that of one arriving by double reflection, the occur- 
rences of angle corresponding to double reflection should be fewer than for 
single reflection aud this is found to be so. 

4. Due to the effect of the earth’s magnetic field, the incident wave in 
the ionosphere is split into ordinary and extraordinary waves, and the 
difference in the reflected intensities and phases of these two rays is more 
pronounced when the ionic density is low. The variations of intensity due 
to interference between the two rays give rise to an interference pattern as 
shown in figure 9. Such a type of fading is accompanied by wider and more 
rapid fluctuations in the vertical than in the frame system of aerials. There 
also appears a large difference in phase in the variations of the two intensities 
as will be observed in the figure. Further, abnormal values of the angle of 
arrival are obtained when the intensity in the vertical aerial is too high or too 
low compared to the intensity in the frame aerial. 
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SUMMARY 

Simultaneous observations have been recorded for the angles of arrival 
of the down«coming waves and the variations and abnormal values of the 
angles of arrival have often been observed which have been explained to be 
due to the presence of magneto-ionic split components of the waves in the 
ionosphete. It has been further; shown that normal values of angles of 
arrival are obtained when the wav^ mainly undergo single or double reflec- 
tions from the ionized layer. Thd above conclusions have been varified for 
single reflection when the extraord|jnary wave alone is present. 
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ULTRASONIC ABSORmON IN NORMAL AIR AT - 
456 Kc/s FOR DIFFERENT HUMlblTlES 

Bv GOPALJI 

(Received for publication, Peccniber /j, ig^o) 

Plate XII 

ABSTRACT. A .simpler treatment of the ultrasonic absorption formnla 

a.303 ll o gioAPA— logipAtfn j 

is pre.sentefl here A stable and sensitive I’ierce interferometer has been used to measure 
ultrasonic absorption in normal air at 455. S Kc/s for different humidities. The special 
features of the work ore the use of a proper crystal tiiounting and the use of a large volume 
hnnu’dity cabinet in which the interferometer was placed. It is found that the absorption 
curve shows a peak at ab.out 4^^% humidity for the frenueiicy used in the work. 

INTRODUCTION 

It is now well established that absorption of ultrasonic energy in fluids 
is not only the result of viscous and conductivity losses but some sort of 
relaxation phenomenon is responsible for it. *rhree types of relaxation effects 
have been suggested : firstly the lag in sharing of energy by. vibrational 
states, secondly the lag in chemical or quasi- chemical changes and lastly 
configurational relaxation. In the case of gases, in which we are concerned 
here, vibrational relaxation has been found widely evident. The absorption 
due to this effect is explained qualita<ively as follows : As pressure waves 
pass through a gas, there occurs a sinusoidal variation in temperature along its 
path. The molecules get energised and transfer a part of their translational 
and rotational energy to inner vibrational states during compression and take it 
back w hile rarefaction occurs, or say a number of molecules are excited to 
higher vibrational energy levels and then brought back to normal state. But 
the inner states do not follow readily in taking the energy or giving it back 
and consequently there is always u phase lag between ultrasonic pressures and 
corresponding volume changes. Such a lag leads to a closed PV curve imply- 
ing thermodynamically that fluid has done some work, absorbing energy from 
the ultrasonic waves. The amplitude of the lag can be varied either by 
changing the acoustical period or the relaxation period. The relaxation 
period depends upon the collision rate and the efi&ciency of collision to bring 
about transitiou. The efficiency function varies with the nature of the collid- 
iog molecules which is a fact of importance in the case of mixture of gases, 
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Our present case is a mixture of nitrogen, oxygen ami carbon dioxide in 
normal air proportions with varying water content. 

interferometer THEORY: 


7 he determination of absorption of the ultrasonic energy in fluids is 
done by the method of ultrasonic interferometry. Xhe method was put in 
use as early as 1925 by Pierce (1925) which has been later improved by 
several workers to an extent that its accuracy is quite at par with its optical 
analogue. It is a standing wave <tiethod where the source of ultrasonic 
waves is an oscillating piezo-electric plate set into vibrations by usual vacuum 
tube oscillators, and the reflector is eilhei of metal or glass. The ultrasonic 
waves after multiple reflections relict cumulatively on the crystal source 
which also acts as the detector of tl|e standing waves. Due to reaction pres- 
sure electrical constants of the crystal change, which gives rise to variations 
in crystal voltage and the current in its circuit. The reaction will be a func- 
tion of the density of the fluid, velocity of the waves and the attenuation of 
the energy in the medium. Hence knowing the variations in the circuit 
current or voltage and the relevent relation, attenuation can be calculated. 
Calculations have been made by Hubbard, (1931) Herzfeld (1938) and 
Allemau (1939). A simpler treatment is given below- : 

Assuming plane waves we write down the particle velocity ^ of atten- 
uated waves as 

=.4 exp I \jw — k}[ (i' 


where w, k and v are angular frequency, attenuation constant and velocity 
of sound waves respectively in the fluid. The origin of .r-axis is the surface 
of the quartz crystal. 

The particle velocity of the reflected waves will be given by the 
expression 


■B exp 


(joi — k) 


h) 


(2) 


where A and B are complex velocity amplitudes of the waves. The resulting 
particle velocity at any point x will be 

^ — exp(jto~~ kji [Ac + Be ] ••• (3) 

Since the particle velocity on the surface of the reflector is zero, we find that 
at x^l, where I is the distance of the reflector from the source, 

(say) ... (4) 


Substituting for A and B from (4) in (3), we get 

expijto-k) t sinh (jw— fe) (Sit) 


(5) 


5 — 1778?—^ 



Since the pr/ewiT® ** |fiveii by 

^ (/ft) ■” k) dtX 

we find at a; = o 






t^—vp coth ijvtr-k)— 
4*0 ^ 


(6) 


... ( 7 ) 


where ^0 represents the ^ a tide velocity at t}^e crystal sui-faioe. ^qngtioga (7) 
can be expanded in the form 


p — vpii 


. si„h’y-+j,ta5ii 


cosh — - cos -3!^ 

V V 


(ye) 


lilqua^iou (ye) shows that as (he length I is altered, the presauire will ‘paas 
through maximum and minimum values. When i = r A/a the pressure will be 

sinh 2 kl/v .-V 

W/ 


and when 


ptnait ~ Vp^o 

!■ 


cosh zkljv-'i 
'' (say) 


('*r)r“'' 


cosh 3kl I V ■+■ I 

Sipce [A /4 too small as compared to 1] 
Thus pressure difference 


cosh zkljv + i 


... ( 9 ) 


< 9 ') 


At any position A of the reflector at a distance /* from the source the 
pressure difference is 


Siuiilarly for the position B 


i^iag fl we get 


sinh nktAfv 


A/)b 


ri!£SBl 


sfnh 2kli,/v 


V C?l] 


C*»l 


A#o ^ #tth aklm/v . ‘ 
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PLATE XII 



F.g 3 

The humidity chamber 




• • • 


tJtirasonic AhsorptUiti iH' Normal Air, efts. 50 / 

' .A _hinh2klB/v r -, 

••. ^'Pn AE Al, ^rmzkhlv •*• 

and Aif, are crystal voltages corresponding to Ap, and A/>, and 
AJi, Atf* are corresponding changes m the plate current. Putting and 

aaraming either « or I to be latge wetgct, 

AJa _ ^(/«-ZA)_^/*(nB — n*) 

Ain AOn 

(AI^a ahid At&s are^the- defiet:tions obSel ^ved in a sensitive galvanometer placed 
in the {date circuit) ■ 

_ 2.303Cio|PioAOA —•logipA^B ] [is] 

yinn~~nA) 

where n is the ‘ coefficient of eisrgy absorption per wavelength ’ and 
(nn — ftA) is the number of full wavel|if]gths between the two positions of the 
reflector A and B. f 


R Q U I I>JM R N T 


Our interferometer' ^figure i) is of the usual type having a quartz plate as 
a source of ultritiouic waves and well-polished brass reflector moved by a 
precision micrbfneter sfcrew. The arrangement for the movement of the 
reflector is so thahaged t^at there is no rotation of the reflector plane when it 
is moved along its axis' and if it is once carefully made parallel it remains so 
throughout its moWnient. 

The crystal- iHOunting is of great importance in the interferometric work 
as a faulty setting will create distortion in crystal oscillations and the changes 
in the plate current will be unreliable. Distortion in wave form occurs if 
the crystal is placed ou a plate electrode because it knocks against it while 
oscillating. Thus a rigid mounting, yet free in lohgiludinal direction, is 
Inquired. The crystal in our interferometer has been fixed in its median 
no(te.l plane by four screws and electrical contacts have been made by light 
springs (figure 2) after silvering the crystal surfaces thinly; Although our 
crysticd was not a 71° cut, yet it is hoped that this kind of mounting gives 
more or less a piston like motion of th6 crystal thus producing plane waves. 

The interferometer wa^ placed in a humidity chamber (figure 3). The 
reflectmr is moved by a knob attached to a giaduated disc kept outside the 
chamber. The rod cminecting tfie knob and the re$ecloi is passed through 
a well-greased air-tight hoT^* in the chanibet rbSStf I the double doors of the 
chamber have thick paddings on their sides to make them air-tight. The 
#1)^ chamber is covered inside by thick copper lAeets and outside by 
Siedti'tb Bvdfd tlteperatnre vacation ftiiSder the chamber. Bleetricef 
l&ilers; vtflflr' atitoWiatfc eli^tic temjftratnre cbMrol,' are provided to dry the 
f’^i&f^h'teh'idity a and a pi{>e stirrOtfnM by a 

coil tWtli’ r^’fllKor' for its cttatfolfod evaporatioB ar^ fitted. A fan 
for th e wctiow of water vapour inside the chamber is also provided. To 
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obtain uniform humidity throughout the chamber, it is allowed to stabilise 
itself by leaving the chamber to stand for a few hours with a particular water 
content. Humidity is measured by a calibrated hair hygrometer. 

As regards the excitation of the quartz plate Pierce oscillator, using a 
low power triode ^Philips A 410), has been employed for stable vibrations. 
Dry batteries have been used for high tension to avoid spurious fluctuations 
due to power supply. 

B'requency of the oscillations has been measured by a standard Signal 
Corps frequency meter (Type No. BC 221 AH) which comes out to be 
455.8 Kc/s. 

OBSERVATIONS 

(J)bservations have been taken at room temperature (sz^C) at a frequency 
of 455*8 Kc/s at five different humidities ranging from 30% to 70% in 
normal air. A representative set of variations of plate current with respect 
to reflector positions is shown in figure 4. The plate current undergoes quite 



Reflector position 

Fig. 4 



n — Number of resonant positions 
Hntniditv=3i% M* .01266 

Fig. 5 

smooth and regular changes which shows that source is giving out . fairly 
plane waves and the reflector remains parallel to the source. Figures 5 and 6 
are two representative graphs of log Ad against number of resonant positions. 
The mean straight curve is drawn through the points and /t is calculated 
from the slope of the straight line. 




Coe£Bcient of absorption per wave length, is plotted against percen* 
tage humidity shown in figure 7. The curve is similar to that for carbon- 
dioxide (Pielmier, et ai, X940) and shows a peak near 48% of humidity. 
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A NOTE ON MASS MOTION OF A GAS 

By DUIyEH SINGH KOTHARI and EAXMAN SINGH KOTHARI 

(Received for publication, January 29, 1951) 

ABSTRACT. In the present note we have applied the method of collisions to Ferml- 
Dirac and Rose*ISrinstein statistics to cst|iblish that the total kinetic energy of a gas is 
compounded of two independent terrns,(one being the energy of mass motion and the other 
that of molecular motion. 

The theorem that the total kinetic energy of a Maxwell-Boltzmann gas 
is composed of two independent learms one of which is related to molecular 
motion and the other to mass motion is a fundamental one in the kinetic 
theory of gases. The purpose of the present note is to show that the usual 
proof is easily extended to include Fermi-Dirac and Bose-Einstein 
distributions. 

It is advisable to start with the deduction of the general distribution law 

••• 

where m is the mass of the molecule, c is its velocity, A and h are two 
constants to be determined, and takes up the values +i or-i according 
as the gas obeys Fermi-Dirac or Bose-Einstein statistics. The treatment 
adopted is based on the method of collisions as given in Jeans' Dynamical 
Theory of Gases (Chapter II). 

A molecule having its velocity components lying between m and w + dw, 

V and v + dv, w and w + dw will be referred to as belonging to class A and 
a molecule of class B will have its velocity components ranging between m' 
and m'+ dM', t;' and x>' + dv', w' and te>'+ dw'. Denoting by « the number of 
molecules per unit volume, the density of molecules of class A becomes 

nfiu, V, w) du dv dw ... (2) 

The probability of collision, in time dt, between two molecules, one of 
which belongs to class A and the other to class B is 

(j^— -/3fe' ) F<r* cos 6 du dv dw du' dv' dw' dt dO> ... ( 3 ) 

\yliere f k and /« denote the initial and f k' add ft*, the final values of the 
distribution functions of the two molecules of class A and B respectively, 

V is the relative velocity, o' the collision radius ii-e., the diameter of the 
molecules), 6 the angle between the velocity vector and the line joining the 
centres of the two molecules ane dG is the solid angle within which the line 
joining the centres of the two molecules lies at the moment of impact, 



306 


D. S. Kothari and L,. S. K.othari 


The factors ii-fifK') and take account of the ‘already occupicdness’ 

of the cells in the phase space. 

Let us now consider collisions between molecules which after impact 
pass over into states A and B. If quantities with bars are taken to represent 
the state of the molecule before impact, the probability of collision in the 
case under consideration would be 

Jk (i — PfK ) Jeiz — cos 0du dv dw du' dv' dw' dl dCl ... (4) 

On account of the reversibility of motion, we have 

du dvdw du' dv' -div' — du dv dw du' dv' dw' (5®) 

and f K' — fK ", f e' ~ f e. ••• ^sh) 

From (3), U) and (5) wc find that the change in the value of / due to 
• collisions is 

— ftf K)fr'(z — 1-1 ~ fn^z — BJt<’ )ft(i — / 5 /r')}F<r'‘’ cos6 du' dv' dw' dCl 

of 

For equilibrium, making use of generalised H-Theorem, we have 

—fK'! “ fiflCjfeil — fife’ ) =0 
fK'fe' _ fl^ f c 


or 


log +Iog-^>, 

Z-PJK' Z-Pfi‘ 


= log 


fK 


13 fK 


log 




The general solution of this equation is 
log 


^ =«iXi + «3X2 + «,,X3 + 


J-f3f 


(6) 


(7) 


where a's are arbitrary constants and x's are functions of velocity. From 
relation (6), it is obvious that when tw^o molecules collide the sum of the x'^ 
before and after impact remains unaltered. Thus x can be interpreted as 
energy or as one of the three components of linear momentum or as a constant. 
I'he equation (7) may, therefore be exi>ressed as 


log 


/ 

I-/?/ 


— a, ijj (u® 4 - M® + Til"') + + 0.3VIV + (H^niw + cx^ 


— Oti ril{iu — Uq) ' + (v — Vq)* + W — ■W'o)"} 
where uq, 'Vq, wq, are new constants. 

On fuither changing the constants the above relation takes up the form 

- J — : — Mo)*4-(v — 

x-pf 


or 



gf»m[(M-«j)3 + (v_i;oF + (W-7tloF] 
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we have 


u — uo = U 
v — vo=V 
w - ti'o = IV 


To evaluate the arbitrary constants involved in iSj we niust deterrpiue 
the total energy and momentum of the gas. 

The value of any function V' averaged over all molecules contained in 
unit volume, is 


i_ 

n 





_ ^Pd UdVdH' 

^lnn(C^+V^+U"^) ^ 


(9) 


If c is the velocity vector 'i.e., f/®+ = we have 47rf^dc = dIJdVdW 

Putting i/' = i we find and eejuation (q) yields 


1 =477 


s 


> c^dc 
A 


From the above relation A can be evaluated. 


Taking \p=U 




+ 00 

—30 


UdUdXdW 

^ ^ hm{V^+ Vi+ W^) ^ ^ 


Since the integrand on the right hand side is an odd function of U , the 
integral, between the limits — cc to+ 00 vanishes and so we have 


We, therefore obtain 


^C/ = o 




This leads to the conclusion that uq represents the .r- component of the 
average velocity of the molecules. Kvidently uq may also be interpreted 
as the A'-component of the velocity of mass motion of the gas. A similar 
significance may also be attributed to x’o and rt’o- 
Finally putting F"+ IF* = c^ we get 





c*dc__ 


'^10) 


The total kinetic energy of the system per unit volume is 

E = + -y* + W*) = 5 /u'SKfZ + «0 >* + ( + ^-0 )=' + f ^ + «o)’l 
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£ = »?' + ir) + (mo* + V + 
2 


From ^lo) it is obvious that 





c^dc 


+ n (uq^ + Vq^ + Wo‘} 
2 


Hence we observe that the total energy of a gas is obtained by adding together 
the energy due to molecular motion and that due to mass motion. It may be 
noted tiiat the energy contributions arising out of these two types of 
motions are quite independent. 


For a gas at rest iv^, — VQ = wo-o'! we find that 


E 


TT 

iio=4»nj. -- 
2 


CC 




0 


A 


i^dc 
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ON THE RAMAN SPECTRUM OF THIANTHRENE IN THE 

SOLID STATE 

By S. K. MUKKRJI and BANARSI LAL 
(Received for publication, December eS, 1930) 

Plate XIII 

ABSTRACT. The Raman spectrum of thianthrene in the solid state has been studied 
for the first time. The sub.stance is highly fliiore.scent ; but by using .special technique the 
continuous fluorescent background has hfcen considerably suppressed and the .substance in 
the solid state has yielded i j Raman lines aot recorded before. These lines are at 3<i.)4(6), 
2912(2). 2462(21, 1571(4). 1275(4'. 1125(10), I. .33(10), 650(4), 561(4), 319(4). 241(41, 159(4., 
85(2) and 62(2) cm'* respectively. An antiitokes line at 159(2) cm ' has al«o been' d6.scrved. 

The .strongest characteristic shifts are at 1125 and 1033 cm'' respectively. The fr«- 
quency due to the C-S linkage is found at 650 cm *. 

INTRODUCTION 


It appears that the Raman spectra of linear tricyclic compounds have 
not been studied in any detail. This is pet haps due to Ihe fact that these 
compounds are highly fluorescent under the radiation of the mercury arc, 
and require a laborious process of purification for obtaining the Raman 
spectra. The only reference to the Raman .spectra of such compounds 
appears in the works of Ansidci (1936, 37). Anthracene is the simplest com- 
pound of this series and its structural formula is as follows : 


H H H 


H 

H 






H 


II H H 


Fig. la 


If the two CH groups in the para positions m the central ring of 
anthracene be substituted by S atoms, thianthrene is formed. Its structural 
formula is as follows : 



The substitution of the two CH groups by S atoms produces a leorienta- 
tion of the valency bonds inside the benzene ring. It would, therefore, be 
an interesting study to examine the effect of this substitution. The struc- 
tures of anthracene and thianthrene then become entirely different from one 
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another, and we should, therefore, not expect any similarity between the 
Raman spectra of the two compounds. 

KXPRRIMENTAL, 

1 

Thianthrene, obtained from the Research Laboratory of Kastman Kodak 
Co., was purified by repeated crystallization with extra pure benzene till 
perfectly transparent crystals were obtained. These crystals scattered sufl&- 
cieiit light to produce the Raman si^ectrum on the plate but the fluorescence 
on the plate was very intense and no Raman lines could be observed until 
the crystals were melted in the Raman tube and allowed to solidify slowly. 
The solidified mass, on exposure to the light of the mercury arc filtered 
through a concentrated solution of sodium nitrite, yielded 14 new Raman 
lines, not recorded before. 

Table I 

Raman shifts in wave numbers for thianthrene in the solid state 


Ramau shifts in cm ^ 

Intensity 

Assignment 

«s 

4 

A 

159 

A 

A ± 

1 

241 

4 

i ^ 

319 

4 

A 

565 

5 


650 

j 4 

\ ^ 


10 i 

A 

JI25 

TO 

A 

1275 

4 

A 

1571 

4 

A 

2462 

2 

A 

2912 

2 

A 

3044 

6 

A 

62 

2 

R 

85 


R 

561 

4 

R 

1033 

4 bd 

R 

lias 

4 

R 


t>d menus brond and diffused 
A — A 4358 excitation 

It s= A 4046 excitation ^ 


Hg 4046 A 
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Raman spectrum of thianthrene in the solid state 
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Raman Spectrum of Thianthrene 

The spectra were taken with a Fuess glass spectrograph having a dis- 
persion of about 21 A.U. per mm in the A4358 region. Ilford Selochrome 
plates were used and the exposures lasted for about 40 hours. The measure- 
ments were made with an accurate Zeiss Ikon Comparator and the wave- 
lengths were calculated in the usual manner. 

OBSERVATIONS AND DISCUSSIONS 

It has been shown by Hendric^cs !i93o) by X-ray measurements, that 
the simplest linear tricyclic hydrocarbcfti, authracene, has all the 14 carbon 
atoms tying in the same plane, and that the two carbon atoms in para- 
positions in the central ring are also cqinnected with each other as shown in 
the structural formula. From the mofde of formation of anthracene, chemical 
evidence also verifies the same structurjal formula. 

Thianthrene, which is the object of this investigation, differs from 
anthracene in this respect that the two CH groups of anthracene in the 
para-positions have been replaced by divalent atoms of sulphur. This 
substitution produces a reorientation of the valency bonds inside the molecule 
and gives quite different Raman fiequencies from those of anthracene. 

The central ring of thianthrene is not a benzene ring, but the other two 
rings are benzenoid in structure. Hence according to the Fixes rule, which 
states that the most stable form of a polynuclear hydrocarbon is that in which 
the maximum number of rings have the normal benzenoid arrangement of 
three double bonds, the compound should be only fairly stable. This is the 
reason why thianthrene begins to decompose when kept above its melting 
point for a few hours. The structural formula of thianthrene with all atoms 
lying m the same plane, gives the molecule a high degree of symmetry. 
Its two end rings have the same bond arrangement as the benzene molecule, 
so its Raman spectrum should have some frequencies due to the benzene 
rings, and a few others due to C-S linking. 

As given in Table I, 14 Raman lines have been observed with thian- 
threne in the solid state, and four of these frequencies, ^nz., 3044, 2462, 1571 
and 1275 cm“’ respectively agree fairly well with the Raman frequencies 
of benzene. The frequencies, at 3044 cm“* and at 2912 cm”' may be taken 
to represent C-H vibrations, as no other type of vibration is expected to give 
the frequencies of this order. The frequency at 1571 cm "' appears to be due 
to the C = C link of the benzenoid rings. A similar frequency at 1573 cni“‘ 
occurs in naphthalene, which is slightly lower than C =» C linkage in benzene 
occurring at 1596 cm~*. 

From the observations of the Raman shifts of thio-ethers, thio-acids 
and polysulphides, it is found that C-S shift falls near 645 cm”*. Venkate- 
swaran (1930) has shown that C-S shift in methyl mercaptan is 704 cm"* 
which decreases to 659 cm“* in ethyl mercaptan and to approximately 652 
cm~* in higher homologues. In thianthrene the carbon atonrs connected 
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to the S atoms form part of a heavy ring, so the shift observed at 650 cni~‘ 
may be due to C-S link. By comparing these Raman spectra with those of 
substituted benzene compounds it can be concluded that the frequencies at 
1045 cm * and 1150 cm“‘ relate to C-C link. 

The frequencies observed at 319 cm~^ 241 cm"' and 159 cm~* respec- 
tively in thianthrene containing condensed benzene rings, may be attributed 
to the defer mational vibrations of the benzene rings against one another. 
Such low frequency lines are not generally observed in compounds possessing 
a single ring like benzene and its derivatives. The very low frequencies 
observed at 85 cm"* and 62 cm“* respectively may be attributed to the 
oscillations of the lattice. The substance has also been examined by us in 
the molten state (still unpublished) and it is found that the frequencies at 
85 and 62 cm“* completely disappear as the substance passed from the 
solid to the molten state. Hence, evidently, these two frequencies are due 
to the oscillations of the lattice. 

Dkpaktment ok Physics, 

Aoka Collrue. 
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ENERGY OF DISSOCIATION OF CYANOGEN * 

By PRABHAT, K. vSEN GUPTA 

{Received for puhlikation, April 20, rg^r) 

ABSTRACT. The energy of dissociatio^ of CN into C(SP) and N(<S) atoms has been 
estimated to be 6.03 volts with the aid of kaa|irn thermochemical and spectroscopic data. 

I 

Spectrum of CN 

The spectrum of cyanogen not been of much help in the determi- 
nation of the energy of dissociation of this molecule in view of the scanty 
experimental data available. Only a few electronic states have been dis- 
covered and predissociation phenomena, which are known to give fairly 
reliable estimates of the limits, have not been established without ambuguity 
so far. The vibrational levels of the ground state, X as well as those of 
the upper state, A * 11 , of the red system A have been followed 

up to an energy level of about 3.4 volts above the ground level. The con- 
vergence limit, reached by a rather long Birge-Sponer extrapolation is not 
reliable. The appearance of perturbations in the violet system B 
however, has been made use of by Schmid, Oerd and Zemplen (193S) 
reach up to v = 3o of the A ®n state corresponding to 51000 cm“* (6.32 volts) 
and then locate the convergence limit of this state at 60500 ±1000 cm”* 
(r.5o±.i2 volts) by only a short extrapolation. Schmid et al found evidence 
to conclude that the ground state, X converges to the same limit as A *n 
state. The extrapolated convergence limit of the next upper state, B IS , 
is found to be 65500 ± 1000 cm~* (8.i2±.i2 volts). In Table I the limits 
located by Schmid, Ger6 and Zemplen I1038) are given. 


Table I 


Limits above X *2'*' 
in volts 

Nature of effect according to Schtnid, Gerd and Zemplen 

7.38-7.62 

8.00—8.24 

6.63 

6.32 

393 

Convergence of A and X states 

p.ol»bI,in th. vicinit, o< . 

predissociation limit 

Perturbation in V = 14 of B ^ state j._ nreA!«so- 

Drop In intensity in v«= 3 of B state, probably one to preolsso 

ciation. 


* Commtinicsted by Prof, M. N. Saha, F.R.S- 
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In this table, the effects at 6.62, 6.32 and 3.93 volts require further 
confirmation, particularly the exact locations of the limits- 'The exact 
positions of even the two convergence limits at 7 .50 ± .12 and 8.12 ± .la volts 
are not known with certainty. Therefore it is not surprising that the 
attempts to piopose a dissociation scheme which will satisfactorily interiiret 
the limits have not been successful. 


II 

Valve of DiCN) 

A better estimate of the energy of dissociation can be formed in the 
case of CN by combining reliable spectroscopic and thermocheinical data as 
given in the following calculations. The terms have their usual meanings 
and the atoms and molecules occur in the lowest spectroscopic states. 

We have, by definition : ... CN + 7 >ICN)= C + N 

From spectroscopic evidence ; ... N= iNa + ilKNa) 

402= t)-iZ?(Oa) 

C + ()= CO + D(CO) 

iC2Na= CN-SDiCalSra) 

Prom heats of combustion CO + iNa + 130 Kcal = iC2Na + Og 

CO + iO, = C( )a + 67 Real. 

By addition we get, 

I>(CN) = iD(Na)+D(C0)- jD{02)-iZ?(CaNa)-63 Kcal ... (1) 


In this expression the following figures are being adopted : 

(i) D(Oa) = 5.o8 volts. This is the generally accepted value for the 
heat of dissociation of oxygen • 

(if) D(C0) = 8.87 volts. This value of the energy of dissociation of 
carbon monoxide has been recently proposed by the author, 
(Sen Gupta, 19511 and found to give a satisfactoiy explanation of 
known predissociation phenomena in CO and the results of the 
experiments on the sublimation of graphite. 

(m) /)(N2) = 9.76 volts. Although this is the generally accepted figure 

for the heat of dissociation of nitrogen (Gaydon, 1947), other 
investigators (Glockler, 1948 ; Long, 1949 ; Springall, 1950) have 
made use of an earlier figure, 7.38 volts, for comparison in their 
discussions. Datta’s (1932) experiments on the photodissociation 
of N2O and the author's (Sen Gupta, 1934) experiments on the 
fluorescent radiation from N2O, both confirm that the value is 
nearer 9.76 than 7.38 volts. 

. (tv) I?(CaN2)=»4.93 volts, being the energy of dissociation of CaN, 
into two CN radicals. Long (1949) arrived at this figure from a 
study of the absorption spectra of CH^CN, IQN and HCN, and 
found it to be comparable with Glockler 's (X948) values, viz., zx7.fi 
and 119.6 Kcal for NaCN and KCN respectively, calculated with 
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the aid Born-Haber cycles. The value given by Hogness and 
Lui-Sheng (1932) as well as Robertson and Pease (1942). that is, 
5.52 volts is also worth consideration- Some of the investigators 
have made use of 6.34 volts evaluated by White (1940). 

In view of the above it is proposed to consider the three values, 4.93, 
5.52 and 6.34 volts for D(C2N3) in the expression (1). The deduced value of 
D(CN) corresponding to each of the figures for DiC^N^) are given in Table II. 

Taw.e TI 


D(C 2 N 2 ) in volts 

4-93 < 

4 


5*52 

1 

1 

6.34 

D(CN) in volts j 

6.02 


5 72 

i 

1 

1 

5-3* 


Herzberg (1942’) has pointed out that as the C = N bond in CM is much 
stronger than the C~C bond in C2M2, the value of I?(CN) should be much 
higher than DCCaNa). Rejecting the figures given in the last two columns 
of the above table by this test, we get Z)(CM) = 6.o2 volts, which indiiectly 
confirms Long’s estimate of the value of 

On the basis of 7 ?(CN) = 6.o2 volts, a probable dissociation scheme for 
the spectrum of CN may now be drawn up as follows t fable III). 


TaBee hi 




Proflucttf of 
dissociation 


Calculated limits above X 
in volts 



C(3i') + N(«S) 

Ctspj+Nt*/?) 


O .02 

7 .a 8 

8-39 


It will be seen from Table 1 that there are some observed limits in the 
vicinity of the above calculated positions, but for reasons already mentioned, 
no attempt at a correlation is being made in this paper, pending further work 


on the spectrum of CN. 
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THERMODYNAMIC BEHAVIOUR OF A GASEOUS ASSEMBLY 
OF POINT-MOLECULES ASSUMING ASSOCIATION* 

By M. DUTTA 

(Received for ptibliialiou^ iQ, 1951) 

5 

ABSTRACT. In nature, for many leases, viz, sulphur vapout . water vapour, etc., 
there is decisive evidence of as.sociationsfcf molecules, yielding higher polymers. Here, 
on starting from some well-known results previously oht.iined by Darw in-FWlcr method, 
variou.s properties of the a.ssembly, vif;., isotlunnal and adiabatic compressibilitie.s, 
coefficient of expan.sion, etc., have been investigated and have been expresseil in terms 
of degree of as.socia tion.s such that an I'stiniation can also he made from measurements 
t>f these quantities. Many of those properties have remarkable deviations from those 
of ideal gases in a direction, opposite to that of usual real gases. 'I'liese piculiaritics have 
aiso been justified qualitatively from Le Chatelier and Hraun’s principle. 

r N T R t) I) U C T I O N 

In usual investigations of properties of ideal gases, either by thermo* 
dynamic or by statistical methods, no consideration is taken for a.ssoc{ations 
of molecules, i.c., constituent particles arc as.sumed to exist in the simplest 
form. But, in nature, for many gases, viz., sulphur vapour, NOj, water 
vapour (near about the boiling-point), iodine vapour, oxygen in presence of 
ozone, etc., in some suitable temperature-range, it has been found conclu- 
sively that there exists varying degree of association. Now Darwin-Fowler 
method is very suitable for discussion of behaviour of assemblies in which 
constituent particles are associating and dissociating. Starting from some 
well-known results obtained by this method, the isothermal compressi- 
bility for an assembly of point molecules, assuming associations, has been 
obtained and proved to be greater than that for ideal gases composed of 
molecules of permanent type. This conclusion has also been shown to be 
plausible in a qualitative manner from a discussion based on I<e Chatelier and 
Braun’s principle. The expression for isothermal compressibility has been 
written in a form, appearing to be suitable for determining degree of disso- 
ciation (or better association) from measurements on isothermal compressi- 
bility. After this, expression for coeflGicient of volume -expansions, Cp, Cp, 
y etc., have been calculated for assembly of this type. Finally, the expres- 
sion for velocity of propagation of sound through gases of this type has been 
obtained, and this, after putting in suitable form, appears to be useful for 
determining degree of association by measuring velocity of propagation of 
3M>und in gases of this type under consideration. 

* Conmiuuicated by Prof, S. N. Bose. 
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DESCRIPTION OP THE ASSEMBLY 

For simplicity, it has been assumed that the assembly is composed of 
molecules, essentially of the same type, existing in the simplest form, or in form 
of simply associated polymers. Thus, if X represents the molecule in the 
simplest form, then the assembly consists of (X)i, rf'(X)nt where 

the suffix ‘ T ’ represents the number of molecules, associated in forming 
polymers of r-order. Let Xi, N 2 ,-..N„ be the average number of (X)i, (X)a. 
...(X)n polymers in the assembly, and so 

SrN, ... (i) 

where A is the total number of X molecules present in the assembly. Again, 
if N represents total number of molecules existing in free state in the volume, 
then 

^Nr = A ... (2) 


SOME IMPORTANT W K D L-K NOWN RESULTS 
Now, the thermodynamic probability in the Darwin-Fowler sense is 

where Pr ( 2 ) = partition function of polymer (X)r 

2Jr;»,,. V „x«+r6 
log Ulz)J h 

\ log (l/Zl) j 


(3) 


on writing 


(4) 

is) 


In the above expressions, V is the volume of the a^embly mr is mass of 
iX)r, and m is mass of (X), * b ’ the rest energy, Xr the binding energy of f 
molecules in polymers of rth type, and, here, it is taken as 


m, 


■ rnt 


So, the above can be written as 

W o»pH>We((. .)( 


where 






(7) 
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Now, by tbe method of steepest descent, the approximating value of C 
is gfiven by 

,<'_exp{P(2o)QUo. Zi>)\ 

^ f A- E ••• ( 8 ) 

* O 20 

where to, Zq are determined from the equations, 

E = Qiio, zo)z, ... ( q ) 




where 


-P(zl)Qt(fn, 2o) 


Now, as shown by Darwin and Fowler, w^c have 

[ ... (la) 

N, = rP.(2o) ’ 

and y>= C^]V,)== {' 2 t''P.(zoi}^ -^P'~o)0(<o. ~o) ^13) 

where p is the pressure, T the temperature of the assembly, ^ is the partial 
thermodynamic potential and k the Boltzmann constant. The equation of 
state is same as that for mixture of ideal gases. 


ISOTHERMAT, COMPRE.SSIBllvTTY 

Now, if p and T arc taken as independent thermodynamic variables 
of the system, then, from the above, we see that V, to, etc., are functions 
of p, T both, and, zo and so, P(zo)iV of T alone. Then, on differentiating 
the equation (n) partially with respect to p, it becomes 


X _ I ^Q(to, Zq) ( S£g 

P Q^to, zo) V 

2 / ?lo. \ - Q(to, Zq ) 1 

^0\ Jt *0^ P 


••• (14) 


AkT 


... (15) 
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On differentiating partially and logarithmically the equation (lo), it 
becomes 



(^o » ^o) 



"I Q 2(^0 1 ^0 ) 

p {Qiitot 


(16) 


after substituting the value of 

to 



from the equation (ii) where 


^ 0 ) to jv ^o) 

ofo 


From the equation (la), they become 

P(zo)Q{to, zo)='^Nr 
^o')Q litOt ~o)~ '^ 1 'N r — y'l 
P(zo)Q.Uo,-o)==^r^Nr 


.}J \ =-L i^Nr )i'2r^ Nr) 

F\ S/> p {^rNrV 


= l[.+ (JJlr)(l.r’‘Nr±-i'%rNrr 


1 + 




C^rNrY 


mYNrNm' 

2 ■ 


I 

P 


(i 81 


Now, for an ideal gas at the same temperature and pressure, the 
compressibility is equal to i/p. Thus, tlie system is more compressible 
than an ideal gas at the same temperature and pressure, though both of them 
satisfy the equation of state of the same form. 

Now, the equation (17) can be put in a very useful form as follows 


where 



P 


r4^m 'rm 



fiq) 


yjVr _ number of constituent molecules (X) associated to form polymer (X) 
A total number of constituent molecules (X) present in assembly 


In the simplest case, where polymers of the type (X)^ only exists, as in 
the assemblies of NO3 and Na04. or of I and I,, the equation (18) reduces 
to the following form 




(ao) 
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where 


€ 






(ai) 


and ^ may be called as degree of association. 
Then, 




“I 

+ UHi I 


(22) 


For the range of temperature .'and pressure when ^=0 or ^=1. the 
compressibility, as expected, (since the assembly reduces to that of ideal 
gases), is equal to lip- ] 

The maximum deviation occurs j^hen ^ = 4 and is equal to lai %. 


SOME REMARKS BASED ON EE C H A T E E I E R AND 

BRAUNS r R I N C I P E E 


Now, the principle of Te Chatelier and Brann asserts that the increase 
of a generalised force Yj H.e,, intensity) produces a displacement of 
equilibrium attended by a process (transformation or chemical reaction) in 
which the change of the conjugate variables AX i is positive (Epestein, 1047). 

So, when the pressure is increased, chemical reaction will take place 
in such a way that the conjugate variable (— AK) is positive, i.c. \olunie 
decreases. Evidently more association of molecules cause a decrease in 
volume. So, with increase of pressure, there will be more association in the 
system. This will yield some positive contribution to the compressibility 
over and above the usual compressibility expected for ordinary ideal gas. 
Thus, the gas of the type considered here is more compressible than the 
ordinary ideal gas at some temperature and pressure. 


I vS t) T R O P I C CO 15 F E 1 C I E N T O 1‘‘ E X I* A N S 1 O N 


Now, on differentiating the equation <^11) with respect to T after 
keeping p constant, the following is obtained : 


0 = 



#feT + 


Q Z'jtpf 2 o) 
Qito, Zo) 


L V ^■^0 J. Q t(to, Sq ) I { A 

j “ Qito, zg) t„ \ 8T 


where 


QZ'ito, 2o) = 2o 


8 Q(E>, Zq) 
Szg 


(24) 


1 ( 8to ^ ft Q(to,Zg) _ QZ'ito, Zg) I 


(25) 


3—177SP— 7 
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On taking p, T as variables and on differentiating the equation (lo) 
logarithmically and partially with respect to T, the following Is obtained : 


hy\- 

r, 1 

” S2u l K / ^ QiZ'Cto, Zo) 

I 8^0 ^ Qoito, Zo) if St„ j 


QAio.Zo) 

Z(\) i(i S 7 


where 


Q I — ^0 


l (^09 


• • • (26 ) 


On the substitution of the value of 


±f jLo \ f,. 

u[sT 

^ f^] -p I 4. QiS^' _L -3-1.- ^ 

V\ST Or ' kT^ Oi 


om (35') the above becomes 


I 

T 


kT /i-’ 


1 

r 




rill 


im 


(27) 


In the simple case, where polymers of the type (A’)2 only exist, the 
cxi>ression becomes 


v(st\ f kr) 


. I 

‘T 


(28) 


if 


kT 


<4. 


SPECIFIC HEAT AT CONSTANT PRESSURE 


Now, according to the equation (9) the total energy is 
E = ^kTP{zo)Q(to, Zo) + Pizo)QZ'{to, Zo) 
=|feT[^N,.] + 2 N,.(X, + rh) 

On differentiating this partially with respect to T, this becomes 


(H ) ==^kP(z,)Q{U.z<„+ \^^kTQ(t„zo) + QZ'(t„ 

+ ^kTP{zo)QZ'(to, + P{zo)QZ'Z'ito, 2o) fe- 

]Zq O T 
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+ UkTP{zjQ(lo,Zo) + r(Zo>Qr(t„Zo)] ^ 

->■LikTP(^o)QAto,Zo) + P(zo)Q^Z'^t„^o)] ] 


— ^kP{zo)Q{fi„ Zo) + llkTP(zo)QUo, z„) + 3P(zn,Q//{ti, c 


o; 


+ P(z„}i}/'//l(u, 2,,)] ~ 


+ [^kTP(zo]Q(io, Zo) + Piza)Q^'(to, 2o)l 


i s Zu)Q(t 

1^ lQ,'f«.zV)l 


if 3^^ ;c ■ - i> » — 1> ' ^ O I *-<► ) ^ 3 y 

^ i f 1 -12 


i ^ 

2 ^ r 


+ Q_2C>^ -C?i^'C?x 

k'nQr 


- [^kTP(z,.)Q^{to, z„) + P(z^)Q,Z'‘i„, 2„'il 


2:0' 

^ T Q/to. ZJ 


after substituting the values of ( )„ ’ ^ 

Then 


V\ ST 


QZ'iit,, zj I 
Q infill Zi,) k'7 ~ 


, from 125) and (271. 




kl .2„)Q(fo, -rjr • 

2 P(Zi,)QiZ'Ho, Zo)Q(Z /i ll //iM "11^ 

Ar3'* gi««. 


2 


Q 2 </o. So){^Qf/o, 2 „) + } 

\Q /oi 2o)}" 


+ ;p [§ferrQ + />Uo)QiZ’'^<... 2 o)]| 


kTj\j 


(29) 
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Now, in the simplest case, referred to above, [where polymers o£ the type 
(X)a only exist], this reduces to _ 


Cp==Ak 


. ^5 ( i + ^ ) _ g Li i- 





2b 

2 ' kT 


kT 


+ {!-$) 


X + 2 b I 
kf \ 



b 

kT 



X + 2b 
kT 



kT 


+ X + gb 

2 kT 




(29a) 


ISOTHERMAL I? L A S T I C I T Y 

To calculate the isothermal elasticity and the specific heat at constant 
volume, F and T are to be taken as independent variables. 

On differentiating the equation (10) partially with respect to F, the 
following relation is obtained : 



Now, on differentiating (13) with respect to V and keeping T constant, 
the expression for isothermal elasticity is obtained as : 

" K ^ -o) 


= _ j 

F P(2o)(2a(<0» Zq) 

= kT Qdo, Zo) / gp) 

V * / j 3 a(^ 0 > *0) 

... ( 3 ,t 

Tffl 

^ In this connection, it is to be remembered that for ideal gas, this is equal 
to 



Thermodynamic Behaviour of Gaseous Assembly , etc. 325 


SPECIFIC HEAT AT CONSTANT V O L, II M E 

On differentiating the equation (lo) partially with respect to T, keeping 
V constant, the following relation is obtained : 

0 = ^kTP(^Q)Q^^to, zo) +Pizo)QxZ'(lo, 


or 


I ^ ja Cj iCtp. z„) QiZ'Uq, zq) } 

to\ 8 T t(^Q 4 i,,z„) kT Q^UZzo) f 


(32) 


to\ 8 T r I" QAio, Zo) kT Q^Uo. zo) 

Then, on differentiating the equation (9) partially with respect to T 

and, on substituting the value of — ( the expression for the specific 

to\ 8 T j ^ 

heat at constant volume is obtained as 


C\ =§fePU„)e(fo, Zo)+ ^-krP<Zo)Q{to, Zo)+iPizo) QZ'ito, Zo) 

I 4 


pizo)Q//Z'(l o, Zo) 

“ feT” 


— ^ fferp(zo)Qi(<o, 2o) 


P(Zo)QiZ'(to, Zo) 


*1 r 


Oi ^o ) 
Qa (^05 


4- JL ^^09 ^0) ♦ 

kT Q2U0, Zo) 


In the case where polymers of the type (X), only exist the expression 
reduces to the following form : 
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C,. = Ak 


15 _I 

4 






+ <1 — c^J 

Expression forCp'^Cr ond y^ 


x+ 26 fer kT 


kT 


= ^' y' • 


2-e 


n 

U’“ 


^33") 


C, 


From equations ' 29 ) and ( 33 ', straightforwardly it follows that 

rb 


C,.-C,. = Ak 


— Xr c( V '5'^-- ^r "** ’ 

2 ^r kf I V'V 

xr±rb\l 




kT I j 




••• ^34) 


and 


■= _--f(^'j-4 )(^V '' -»( ^ ,•/'’)( 2 ^' 


^$r hr 




•; X -_ ■+ rj^ I ^ Xr..ll 


7.7' - ^ 


+ 3^ 


7 !:• tz!’ 

\ 7 c 7 ' 






rb 


r kT 


kT 




-i 


(35' 


V K L O C I 1' Y OF P R < ) P A O A T I O N OF SOUND 
From tile well-known thermodynaniic relation 



(where v is velocity of sound, p= density), the velocity of propagation of 
sound in the gas, o£ the type considered here, is expressible in terms of T, V 
and degrees of dissociations. In the case where only polymers of the type (X)a 
can be formed, the degree of association can be determined from 
measurements of velocity of sound. 
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remarks on t II f n e t) I' c r I o n i> if v e i, o c i T y o e 

propagation of S O T’ N li 

In deducing the equation 136) for velocity of propagation of sound, it 
has been taditly assumed that all variations, considered, arc leversible, 
at every stage there is a state of thennodynaniie equilibrium, and so, the 
variations are infinitely slow. In iy2o, Kinsteiu Uyaoi jjointcd out that 
during propagation of sound, variations, i.e-, propagations of expansions 
and compressions, are so rapid that the time is not sufficient for establishing 
thermodynamic, or better, chcimcal equilibria. According to him, for 
these processes, the gas is to 1 :^ treated as a i>urc mixture. Thus, the 
equation (36), supplemented witht equations (30) and .33), is expected to be 
valid to those cases, if any, wher^ the velocity of chemical reactions are 
much greater than that of propagjalion of sound. Objection, as put forward 
by Kiustein, can be raised for all sc^ts of thermodynamic variations (not only 
chemical reactions). In all thermodynamic methods for deduction of velocity 
of propagation of sound, the formula is deduced on considering reversible 
variations (which are infinitely slow processes,' after using different laws, viz., 
the equation of state, laws of thermodynamics, which are really valid for 
reversible variations, but the results obtained thereby are found to be m 
agreement with the experiments, vSo, the .same agreement of the formula, 
obtained here, with experimental results is exi>ected in wider range than 
that mentioned above. 


(.•ON c b r s I o N 


According to Fowler 0036), the usual resulls of real gases can be 
obtained very easily by treating the assumbly of real gases as an assembly of 
point-molecules participating in associations. Hut, as .shown here, the 
behaviours of isothermal compressibility, the coefficient of cubical expansion, 
etc. suggest that the thermodynamic behaviours of the assembly of associating 
molecules have a deviation from that of ideal gases, and the deviation is m 
the direction opposite to that of real gases. 

The results, obtained in this present paper, give the relations of the 
compressibilities, coefficients of expansion, etc. with degree of associations. 
So. these are expected to be helpful for determinations of degree of asso- 
ciations in gas of the type considered in this paper fiorn ineasurements of 

compressibilities, cubical expansions, etc.. Now, 10m an 
Guldberg’s) equations for mass-actions, degree of associations can be 

obtained as functions of temperature and pressure, so. ^ 

compressibilities (isothermal or adiabatic), coefficient of 

etc., can be expressed (at least theoretically) m terms of temperature and 
pressure or temperature and volume as required. 
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A STUDY OF THE SWITCHING ACTION IN A 
MULTIVIBRATOR CIRCUIT. PART II. 

By B. M. BANERJEE 

* {Received for pttblicaiion, June 5, 1951) 

Plate XIV A D 

ABSTRACT. An experimental study of the switching action of a plate-coupled multi- 
vibrator is presented. It is a continuationjof a previous publication on the same subject. 
This part concentrates on the study of ^the phenomenon at the initial - regenerative part 
of the switching process— in the microseco4d time interval when current flows in both the 
multivibrator tubes, as it transfers from onjt tube to the other. 

The results of the .study has been condensed into a table that li.sts the characteristics 
of thirty-two representative cases. A summary of results, oscillograms of switching wave- 
forms and a general discussion on all aspects of the switching process and generation of 
fast waveforms, follow. 


INTRODUCTION 

In the previous publication fBaiierjee, 1950) of this series, we have 
discussed the switching action of a multivibrator. Tn that discussion, it was 
found that the phenomenon may be conveniently divided into two parts, viz., 
the first one or two microseconds, during which current transfers from one 
tube to the other, and the next few microseconds after this current transfer, 
during which the electrode voltages go on changing till they ultimately 
attain the new equilibrium values. In the previous iniblication, we have 
indicated that the electrode potentials, in the first part of this i^henomenon, 
change with time following an exponential with positive index. In the 
terminating part of the phenomenon, the electrode potentials change following 
roughly an exponential w’ith negative index or a combination of expo- 
nentials with negative indices. The experimental studies made in the first 
phase of these investigations, obtained mainly oscillograms of the terminating 
pait. The potential changes during the first part are usually small, about 
five to fifteen volts, so that they occupy relatively small parts in an oscillo- 
gram. The terminating part usually occupy the major part of these oscil o- 

grams. The total change of electrode potentials due to switching, which 
the oscillograms delineate, is the greater fraction of the H T. supply voltage, 
normally well over a hundred volts in amplitude. 

alterations in the experimental arrange. 

M E N T 

In order to be able to study the characteristics of the first part of the 
switching process, it was necessary to somehow increase the Voltage changes 

4^1778F— 7 
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of this part. The simplest way of doing this, is to select low mu triodes 
as the multivibrator tubes. With low mu tubes, the switching process would 
start when the positive going grid is at a large negative voltage, and the 
first part would* continue, until the negative going grid, starting from zero, 
attains a large negative voltage so as to cut off the anode current in the 
corresponding tube. The voltage span of the region, in which .current flows 
in both the tubes, therefore, gets increased. [See Figures 3 (a), (b), (c)]. 

The insertion of resistors of smalt values between the cathode and chassis 
of the multivibrator tubes Ti and T^, (Figure i) together with returning 
the grid leaks to a positive supply, allowed a further extension of this 
voltage span. The conducting tube cathode and grid would then be positive 
(about 10 to 40 volts) at the start of the process, and the first or the regenera- 
tive part would end when this tube is cut off. The voltage span is, therefore, 
increased by as much as the cathode and grid remains positive, i.e., by the 
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aYnount of the voltage drop across the cathode resistor. The other effect of 
this cathode resistor is to restrict the variation of the transcouductance (see 
discussion). 

The other alterations in the experimental arrangement (see Figure i) were 
chiefly of a minor nature, althougli they improved the accuracy and relia- 
bility of measurements very greatly. On the sweep circuit, they were the 
alterations of the sweep circuit consents and incorporation of an unity gain 
sweep-amplifier operating on the iX* plate, to increase sweep speed and 
linearity. The altered marker circuit utili/.ed a higher Q (Q = 25o) coil, with 
regeneration, to produce virtuall^ undamped oscillations of 720 Kefs as 
marker signals. Provision was n|ade for two cathode followers, so that 
simultaneous oscillograms of the g|id voltages of the two tubes could be 
taken. The synchronizing amplif^r circuit and circuit constants were also 
altered, and this improved synchron|z'atiou. 

The symmetrical X deflectio^ keeps the cathode ray spots in perfect 
focus practically at all positions of the flat face of the 89D cathode ray tube. 
The clamping diode at the grid of the C. R. tube in the Cossor model 1035 
oscilloscope utilized in these measurements, permits of an easy adjustment 
and holds constant the intensity level of the spots. This materially assists 
in retaining the good focus. The remarkably good definition of the spots 
produced by an 89D tube backed up by these circuit refinements greatly 
increased the accuracy of the measurements. 

To ensure stability of pattern positions — i.e., freedom from “ jitter 
so necessary to obtain good oscillograms, the entire A. C. supply, including 
that of the oscilloscope, was derived from a stabilizing transformer. Besides, 
the 300-volt supply was further stabilized by an electronic regulator (Banerjee, 

1943)- 

EXPKRIMKNTAL PROCEUURK 

Simultaneous changes of the grid voltages of the two 25A6G multi- 
vibrator tubes, obtained at the output of the two cathode followers, were 
applied to the tw’o beams, and Y* of a double-beam oscilloscope a Cossor 
89D tube inside a 1035 model oscilloscope. The symmetrical sweep voltages 
were applied to the horizontal deflection, X, and X3 plates. Oscillograms 
were taken utilizing a f>late camera at fixed magnification. Hach plate 
recording the simultaneous oscillogram, was exposed thrice, first with the 
osM^illoscope beams connected to the cathode followers giving the multivibrator 
switching waveforms, next with Yi connected to the time marker signal of 
720 kc/s, and Ya to a fixed voltage of -22 volts given by a battery, and fipally 
to both Yi and Y, connected to a fixed battery voltage of -58 volts. The 
plates, therefore, contain both time and voltage calibrating marks. 

Besides oscillograms, many cyclogranis were taken. In these, the grid 
voltage fall was applied to X^ plate. The grid voltage rise was applied to 
Yi plate. The Yi beam, therefore, drew out the cyclogram— T 1 grid voltage 
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rise vs Ta grid voltage fall. The sweep was applied to the V, beam so that 
the Y2 beam depicted the grid voltage fall with time. This was necessary 
to make sure that the cyclograra taken did correspond to the switching 
process. The marker of 720 Kc/s shocked oscillation was next connected to 
X,, while Ya remained connected to the sweep, and Yi to a large fixed 
voltage so as to deflect it off the marker pattern, for the next exposure that 
marked out time. In the third exposure, all the Xi, Y, and Ya plates were 
connected to a rapidly changing voltage such as the grid voltage fall or the 
sweep, which drew out a cross. This cross gave reference co-ordinates, 
representing lines when X and Y change equally witli lime. 

The oscillograms were reduced to the same scale with the help of a 
photographic enlarger. The plates were put inside the enlarger and the 
enlarged image obtained on squared paper. The base lines of constant 
battery voltage were made to coincide with one set of parallel lines of the 
squared paper. By adjustment of the enlargement ratio, the difference 
between the 22- volt line and the 58- volt line was made equal to nine divi- 
sions. Kach division, therefore, corresponds to four volts. The switching 
waveforms were then traced out, following the image on the squared paper 
produced by the enlarger. The crest and troughs of the timing sinusoids 
marked out on squared paper, gave 0.7 microsecond intervals [see figure 3]- 

For comparison of oscillograms, the photographic enlarger was again 
exploited. One of the two plates that were to be compared was placed inside 
the enlarger and the properly enlarged* image compared against the pencil 
curve on squared paper of the other. With this method, very accurate and 
critical comparison was possible. As the oscillograms were taken with the 
switching waveforms at about the same position with respect to the start of 
the sweep, the residual non-linearity of the time^^base does not interfere with 
the accuracy of comparison. 

The switching waveforms, traced out on squared paper with the help 
of the enlarger, were then analysed. As the theoretical analysis (Williams 
et al 1949 : Ahmed, 1950) indicate that the first part would be an exponential 
with positive index, the points in these curves were plotted on semi-log 
paper. The first step in this plotting must be the selection of the zero time. 
The most distinct criterion of the start of the switching process is the pro- 
gressively rapid fall of the otherwise constant grid voltage of the conducting 
tube. But as the changes at the start of the switching process are very small, 
it is difficult to fix the point precisely and there may be uncertainties in 
time of as much as a microsecond. This uncertainty leads to an alteration 
in the shape of the semi-log plot at the starting point, besides errors in the 
constants of the exponential curve, that is a near fit to the experimental 
curve. This will be seen in Figure 4(a), where two such plots of the same 
experimental curve with starting points altered in time by 1.4 microsectmds 


* As described in the previous paragraph: 
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are given. It is apparent that the cttrvature of the starting part of the semi- 
log plot changes from concave inwards to concave outwards as the starting 
point is advanced in time. With a suitable choice of the starling point, the 
initial part of the curve may be made to roughly follow the straight line of 
the main curve. While this may be used as an additional confirmation of 
the proper selection of the zero time in some cases, it must be used with 
caution as in others, the start of the correct semi-log plots are not actually 
straight lines (see discussion). 

RESULTS Ol^ RXPERIMRNTvS 

The semi-log plots of the switching waveforms were found to follow 
approximately a straight line over 4 voltage span of 30-60 volts in most cases. 
In these, straight lines were dra#n through the ten volt and thirty 
volt points and their slope g^ve the indices characteristic of an 
exponential that is a near fit to the experimental waveforms. Besides the 
exponential indices and co-eflficients, other data, such as the maximum rates 
of the voltage rise and fall, the time shift between the rise and fall at ten 
volts change etc., for thirty two representative cases are given in Table I 
Highteen oscillograms and six cyclograms are shown in the plates XIV A-D 
Semilog plots of several representative cases are also shown in h'igures 4(a) 
and 4(h). 

SUMMARY OF RESULTS 

The findings of these experiments may be summarised as below : 

(1) The switching wave forms approximately follow an exponential 
with positive index over a voltage span of 30-60 volts — a voltage span less 
than that corresponding to the regenerative period.* 

(2) The fall of voltage is generally faster than the rise of voltage. The 
exponential index and the maximum rate of the waveform of the fall of 
voltage is greater than the 'rise'. 

(3) The initial rate of rise of voltage is almost always greater than 

the ‘fair and the change of voltage of ‘rise' waveform remains greater than 

the ‘fall* waveform up to a considerable time from the start of the switching. 
The change of voltage of rise waveform exceeds the fall up to 50-60 volts — 
up to about the end of the regenerative period. 

The same change of voltage at the early part of the regenerative period 
is obtained in the fall waveform sometime later than the rise waveform. 
This is referred to as .the time lag between rise and fall in the table. 

(4) Increase ofihe shunt capacities and the anode resistances generally 
reduces the ‘fastness* of these waveforms without much change in their 
character. Decrease, of .tube transcoiiductances have, a similai effect. 

* See discussion— different periods in the switching prowke. 
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The switching waveforms, whose semi-log plots lie on a straight line over the entire regenerative period obey an exponential law. "Faster 
than exponential ” are those whose semi-log plots have a slope increasing with time and " Slower than exponential ’’ are those that have a slope 
decreasing with time. 

The values of the index "m" given in the Table are correct when the time unit is a micro-second. When time is expressed in w^ds 
these values must be nraltiplied by lo^. 
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(5) Addition of capacity betwefcn anode and cathode of the non-conduct- 
ing tube whose grid is rising, produce a smaller reduction in the fastness"*” 
the exponential indices and also the maximum rates of change of voltage. 
The important change noticeable with such unsymmetrical capacity loading, 
is the delaying of the ‘fall’ waveform with respect to the ‘rise’. This is 
clearly discernible in the oscillogracms and also manifest itself as an increase 
in the time lag for ten volts change. As a consequence, the span of the 
regenerative period of switching gets increased and the waveforms follow an 
exponential over a greater region. ^ 

The delaying of the ‘fall’ waveform make ‘rise’ voltage changes exceed 
the ‘fair for a longer period anid a greater voltage span — so much so that 
the grid voltage rise may even b4 completed before the grid voltage fall 
has cut off the current in the corresponding tube. 

Increase of anode resistance (pi) of the tube whose grid is rising, actually 
increases the ‘fastness' by a small amount. If the circuit is symmetrical 
as to capacities, the waveforms are similar to that of the case of equally 
small resistances — only the coti'csponding ‘fall’ waveform is somewhat faster. 

Addition of capacity to the anode of the tube whose grid is falling has 
a greater effect in reducing the ‘fastness’. Unsymmetrical capacity loading 
of this type restricts the regenerative period and the exponential part of the 
switching waveform. It increases the intermediate period — a period in which 
current is shut off in the tube whose grid is falling while the grid voltage 
of the tube that is rising has not yet reached the cathode voltage. In the 
intermediate period, the fall of voltages are approximately linear, while the 
rise is an exponential with negative index. With unsymmetrical capacity 
loading of this type, the delay between the rise and fall is reduced to a 
minimum. 

Increase of anode lesistance of the lube whose grid is falling produces 
effects similar to the increase of anode cathode capacity. 

( 6 ) The chief effect of the cathode resistors in the multivibrator tubes is 
to restrict the effective transconductance and thereby reduce its variation. 
They also increase the voltage span of the regenerative period. It is, 
therefore, natural to expect that the rise and fall waveforms should follow 
more accurately the predictions of the simple theory (Williams ct al 1950 ; 
Ahmed, 1950) that assumes constant transconductances, — that of exponentials 
with the same positive index. This is actually observed. The reduction 
in the effective transconductance also reduces the ‘fastness' of the switching 
waveforms. 

The ‘'cathode resistors also increase the effective plate resistance of the 
tubes and limit the maximum anode current. This reduces the maximum 
rate of fall of voltage so that it cannot become much greater than the 
maximum rate of rise. 
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The cathode resistor in the tube whose grid is rising has the greater effect 
in reducing the fastness of switching. 

(7) As the fastness of switching gets reduced due to increase of shunt 
capacity or decrease of tube transconductance — a considerable loss of feed 
back voltage takes place across the coupling condensers, if the time constant 
of the coupling network is also small. This reduces the fastness in a greater 
proportion compared to what may be expected in terms of the increase of 
shunt capacities and cathode resistors. Besides, as the shunt capacities and 
the cathode resistors are increased, the nature of the waveforms change from 
‘faster than exponential’ to ‘slower than exponential.’ 

D I S C TJIS S I O N 

(a) Concerning Experimental Oscillograms 

The experiments were conducted with two 2sA6G tubes connected as 
triodes. Connected as triode, these tubes have an unusually low amplification 
factor ,■**■ a property which has been taken advantage of in increasing the 
voltage span of the regenerative period of switching. The electrode geometry 
which gives this low amplification factor also produces what is known as an 
extended ‘tail’ of the grid voltage anode current characteristic. This 
characteristic of low wtt tubes of usual electrode construction is a continuously 
curved one* so that the transconduclance progressively increases from zero 
to a high value as the anode current increases. While the variation of 
transconductance with anode current occurs in all practical tubes, those 
having higher amplification factors (g = 20-^0) as are commonly used for 
multivibrators, are of a different nature. The transconductance vs. grid 
voltage curve of the usual tubes famplification factor 20-30) follows more 
or less a straight line at the start, bending to reduced slopes later. Thus 
there is a rapid increase of transconductance as the anode current increases 
from zero and later, the trausconductance-increase gets progressively reduced. 
With low mu tubes of usual construction such as that of 25A6G tubes, the 
transconductance rise rate increases progressively in the low anode current 
region and a large rate is maintained to the region of very large anode current 
—almost up to zero grid bias. The resistors between the cathode and ground 
restrict the variation of effective transconductance as it approaches high 
values, bo that the characteristics of the low mu 25A6G tube approached 
those of conventional tubes when the 380 ohm cathode resistor was employed. 
With 1000 ohm cathode resistors, the variation of the effective transconduct- 
ance was less than that of conventional tubes. The oscillograms obtained with 
1000 ohm cathode resistors, therefore, represented a case almost approaching 
the idealized one of constant transconductance. 


* Sec ligtire 3. 
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(b) Nature of S^eitehinji Phenomeuou 

Switching in multivibrators using practical tubes, where the tube trans- 
conductances always vary over a great range, is a complicated phenomenon. 
While it is quite possible to guess and even estimate as to the nature of the 
phenomenon, accurate prediction is very difficult. There are various aspects 
and their inter-relation is complicated. In what follows we shall discuss 
them one after another. 

The switching phenomenon can be adequately described only with the 
help of the complete set of switching waveforms as are obtained in a simul- 
taneous oscillogram. t)ne set of oscillograms may differ from another in 
a variety of ways. In Table I that attempts to describe the lhirty»two 
representative cases, the values of certain criteria that may describe and 
differentiate the different oscillograms, arc listed. These criteria are not 
necessarily complete or unique, in that even though they are the same, the 
actual switching waveforms may, conceivably, be different. Individually, 
they cannot specify the process at all, the complete set must be compared 
with another, if conclusions are to be drawn. The summary of results 
presents the conclusions of the author drawn after a study of the table and 
what is more important — a critical comparison of the actual oscillograms. 

(c) Different Periods in the Switching Process : [FiRures ^(a)^ (b), (c)] 

This experimental study has given a clearer insight into the nature of 
the switching process# In the i>revious publication, we ^lave divided the 
switching phenomenon into two parts. In the first part* currents in the 
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two tubes change— increasing to the maximum limit in one tube and 
decreasing to zero in the other. This may be called the driven or regenera- 
tive period. The second part begins just after this current transfer in the 
tubes. As a result of this current transfer, the electrode voltages, which 
have changed to some extent in the first regenerative period, would take up 
new and widely different equilibrium values. Because the tube electrodes 
have shunt capacities unavoidably associated with them, they take some 
time to reach the new equilibrium values. The period after the current 
transfer during which the electrode voltages go on changing to ultimately 
attain the final equilibritim values may be called the “terminal’' period. 
Williams el al (1950) have envisaged the existence of an intermediate period 

a period starting with the curieiit cut off in the tube whose grid is going 

negative and ending with the other tube grid reaching the cathode voltage. 
An intermediate period of this definition was found in many of the observed 
cases [see figure 3]. This has been rightly considered as a separate period 
inasmuch, a separate mechanism takes place in this period. The current 
cut off in the negative going tube severs the feedback connection so that 
it is a non-regeiierative period. The anode voltage of this tube goes on 
increasing — following an exponential of negative index — to reach the H. T. 
supply voltage. This voltage gets applied to the other tube grid through 
the coupling C-R network. I he other tube grid voltage, therefore, continues 
increasing. This inci'case may permit an increasing anode current in this 



Fig. 3a 

Plot of multivibrator switching waveforms illustrating • 
the di^erent periods of the switching process. 
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Plot of iiiultivi brator switching wavcforni*^ illustrating 
the different periods of the switching process. Tj grid 
reaches zero just before T2 current cuts off. The 
intermediate period is of the less t'oninioii type and is 
very short. 

last mentioned tube. The anode voltage, therefore, falls faster as time 
progresses. It usually tails faster than linear in this period. 

The reverse phenomenon may also take place. In certain cases, the 
grid voltage rise is completed, i.c., grid has reached cathode voltage, before 
the grid voltage fall has cut off the anode current in the other tube* Such 
cases are encountered when the fall waveform is delayed too much behind 
the rise waveform unsyininetrical cases with large capacity loading on 

the anode of the tube whose grid is rising, see figure 3(b)] as also in cases 
where the negative going tube requires a large voltages to cut off. 

In some cases, the grid voltage reaches cathode voltage in the positive 
going tube and cut off in the negative going tube almost simultaneously 
[figure 3^6)]. The intermediate period vanishes in those cases. 

The voltage span and duration of the intermediate period is large in 
the case of low mu tubes used with high anode resistances. Increase of the 
anode capacity of ^^falling grid*^ tube enhances it still further [see figure 3]* 
Increase of anode cat>acity of ^Vising grid' tube reduces it. In a synunctrif 
cal case, with medium mu triodes and pentodes the duration and voltage 
^an of the intermediate period is quite small. . . - 
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Fig. 3c 

Plot of multivibrator switching waveforms illustrating 
the different periods of flic switching process. No 
terminal period. 

In the observed cases, because of the eini)loyiiient of low mu triodes as 
the experimental tubes, the anode current of the conducting tulie in the 
intermediate period was found almost constant, as the negative going voltage 
changed almost linearly with time. This resulted because the increase of 
grid voltage in this period was more or less compensated by the more rapid 
fall of anode voltage, so that the anode current could not sensibly increase. 
With medium mu triodes and pentodes, the anode current would increase 
till the anode voltage drops down very low so that the fall w’aveform would 
continue faster than linear till the end of the intermediate period, or almost the 
end of the fall waveform if it is so rapid as to get completed (and reach the 
new equilibrium voltage) within the intermediate period. Maximum speed 
of fall is attained at the end of the intermediate period or within it, if the 
fall is completed within the intermediate period. 

The start of the switching process forms an important part of the entire 
phenomenon. Switching is initiated due to the arrival of anode current in 
the non-conducting tube. This causes a progressive fall of the anode 
potential which is transmitted to the grid of the conduc^g tube tbroagh 
the C-R cotapling network. Regenerative build-up, to start a similar pro- 
gressive fall with an increasing rate, marks the initiation of the switching 
process. Begaojeradve build-up of tihe grid voltage begins only after Ihe 
tube txansccmductance has exceeded a certain limit, so that the anode 
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Pig. 4a 

Bepresentative semi-log plots of multivibratoi switching 
waveforms. Note that the semi-log plots are not accura- 
tely straight lines, so that the switching waveforms 
cannot be expressed by simple exponentials. Note also 
that the plots of rise waveforms (R) have different slopes 
compared to the plots of fall waveforms (P) . 

drops sufficiently rapidly to transmit an appreciable fraction to the conducting 
tube grid through the, coupling network. The rate of fall of anode voltage 
is determined roughly by the G/c' ratio. So. if the shunt capacity a has 
a greater value, the start of switching is delayed to the region of greater 
transconductance and hence higher anode current. In extreme cases of large 

'ihunt capacities and short time constant of coupling networls the switching 

<U-t778P — 7 
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may not talse place at all. Such cases were actually observed, e.^., when 
the external shunt capacities C'^C” ws^e increased to looo pf, in case where 
/»j®s8k O, Pa — 6*7 Is -Rt^ioco ohms. 

(d) Voltage Waveforms i 

While the simple theory (Williams et al 1950 ; Ahmed 1950) that assumes 
constant transconductances of the tubes, indicates exponentials with the 
same positive index for both the rise and fall waveforms as solutions, the 
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The numbers adjacent to the oscillograms are the serial numbers oi Table 1. The miiltivibratc 
ciTi lilt constants whose switching gave rise to these oscillograms -may, therefore, be obtained h 
^^i.:ience to the table, according to the serial numbers,, and the circuit given in figure 1. 
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OSCILLOGRAMS 

The numbers adjacent to the oscillograms are the serial numbers of Table I. The cirt it 
constants of the multivibrator whose switching gave rise to these oscillograms may, therefore, be obtain 
by reference to the table, according to the serial number and the circuit given in figure 1. 
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OSCILLOGRAMS 

The numbers adjacent to the oscillograms are the ser.al numbers of Table 1 . The circuit 
^‘11 tants of the multivibrator whose switching gave rise to these oscillograms may, therefore, be 
"blamed by reference to the table, according to the serial number, and the circuit given in figure 1. 
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CYCLOGRAMS 

The numbers adjacent to the cyclograms are the serial numbers of Table 1. The circuit 
constants of the multivibrator whose switching gave rise to these cyclograms may therefore be obtaned 
by reference to the table, according to the serial number, and tae circuit given in figure 1. 








of Su^citing Action in a Multivibrator CircuU 3Ai 

expistfnitaital observations have been dit^rent. The primary canse of this 
diversence from theory, must bo the variation of the transconductance with 
grid voltage. 

The semi-log plots of many of the experimental wave-forms lie more or 
less on a straight line over a voltage span of five to fifty volts, indicating that 
they will fit well with an exponential of appropriate index and co-efficient. 
However, it has been found that ik shift of the point chosen as the zero time 
point, alters the semi-log plots, so ^much so, that although again another 
nearly straight line is obtained o^er a similar region, the index and co- 
efficient of this new exponential areldifferent. Experimentally it is difficult 
to fix precisely the point of zet|> time on the oscillograms so that an 
uncertainty and error remain as to tkese values. 

While at first sight this maji appear rather strange how the same curve 
may fit well with two exponentials,! nevertheless it is quite natural and is 
to be expected. It is not possible to precisely evaluate the constants of an 
exponential of positive index which is a near fit to an experimental curve, 
when the zero point of the abscissa is somewhat uncertain. This would 
have been possible if measurements permitted accurate evaluation of the 
quantity (voltage) on the log axis over a range of a hundred times or more. 

As most of the experimental serai-log plots perceptibly deviate from 
straight lines when considered over the entire regenerative period and as the 
rise index indicated by the ten volt — thirty volt intercept line on the 
serni-log-plots are different from the fall index, it seems better not to 
describe these practical experimental waveforms as exponentials. They 
are actually different — something which cannot be described by a simple 
mathematical function. The root cause is the transconductance variation 
of the practical tube. 

While the idea of an exponential variation arising out of the regenera- 
tive build-up may be helpful, one should remain conscious to the fact that 
the actual phenomenon is always more complicated, and that it is unwise 
to push forward the predictions too far — of the simple theory, to estimate 
unknown cases. 

(e) . J?aie of Change of Voltage : 

The rate of change of electrode voltages continue to increase throughout 
the regenerative period. The “ rise ” voltage rate becomes a maximum at 
the end of the regenerative period. After that, it dimmishes following an 
- exponential with negative index. The fall ” voltage rate is maintained 
and may 'contiaue increasing throughout the intermediate period, if the fall 
, ■ is not sd rapid as to get completed within this period. At about the end 
, Of the ** fall/* the rate diminishes rapidly and when the minimum voltage 
is reached it reverses in sign. The switching may be considered to bd *ar- 
minated at this point, as relaxation of the grid that has been ’driven negative 
follows. 



348 


B. M. Barter jee 


The maxitntiin rate of fall is almost always greater than the maximutn 
rate of rise. The maximum fall rate may be as much as three times greater 
than the maximum rise rate. Larger ratios are obtained with higher values 
of anode load resistances, but even when the anode resistances are made 
very large, a ratio of three is not exceeded. This happens because the 
increased speed of fall quickly brings about its termination, so that the fall 
rate has no ot>portunity to increase to very high values. 

The plate and grid voltage fall terminate at the same time. The grid 
voltage rise is brought to a stop and reversed as the grid voltage exceeds 
cathode voltage. A much slower plate voltage rise continues for a further 
period, — following an exponential of a much smaller negative index *— 'Until 
the plate voltage almost reaches the H. T. supply voltage and relaxation of 
the grid condenser brings about the reverse switching. 

(/) Current Waveforms : 

The current waveforms differ from an exponential change still more 
compared to the voltage waveforms. The current in the tube that is cut 
off, decreases roughly according to the equation I — lo — , until it drops 

to zero. The current in the tube that is switched on increases from zero 
roughly according to the relation I— A This fast rise continues till 
the end of the regenerative period. Later, in the intermediate period, the 
fastness of increase is checked. In the case of low mu triodes, the current 
becomes nearly constant. It increases at a more or less constant rate, with 
high tnu triodes and pentodes, till the end of the intermediate period or the 
end of the fall waveform, whichever is earlier. Afterwards, as the grid 
voltage settles down close to the cathode voltage, having gone through a 
maximum in the positive direction, the current decreases somewhat to 
attain the steady equilibrium value. 

The changes of current are completed within the regenerative period 
(for current cut off) and the regenerative and intermediate period (for current 
sw'itch on). There is little change of current in the terminal period. 

(g) Relaxation Switching and Triggered Switching : 

The experiments were performed with self-running multivibrators in 
which the switching was brought about by the slow relaxation of the grid 
condenser. This was done with a view to studying as to how the electrode 
voltages build up due to the regenerative action and attain the extremely 
fast rising and falling rates, that are characteristics of the process. A satis- 
factory study of the build up process is possible only if the initial rate of 
the voltage that starts the switching is smaller compared to the final rates, 
by a factor of a hundred times or more. In our experimental set up, the 
relaxation rate of the negative grid was about half a volt per microsecond. 


* See Part I. 
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Thus the starting rate was about fifty to four hundred times smaller than 
the final rates. While a still lower rate is no doubt desirable, it could not 
be utilized as the attempt to reduce the relaxation rate, increased “ jitter ” of 
the oscilloscope patterns. 

In triggered switching, the voltage signal that starts the process, increases 
very rapidly. The final rates of the electrode voltages arc usually not 
greater than three to ten times the starting rate brought about by the trig- 
gering signal. This reduces the; triggering delay — the time that ela]>ses 
between the injection of the triggering signal (and/or start of the switching 
process) and the attainment of t^e maximum rates. A theoretical analysis 
of the idealized case indicates that |he exponentials that describe the process 
have the same index, whatever ^tlie triggering signal rate, but of different 
co-efficients. A reduction of the triggering delay is also indicated. 

(fe) Generation of Fast Waveforms : 

In most of the applications of the multivibrators, the switch over of 
its states are utilized to generate waveforms that have an extremely rapid 
rise and fall. In many such applications, the ultimate performance of the 
complete unit depends critically on what is s])oken loosely as the “ fastness 
of the rise and fall. The requirements in these cases are threefold, vis., (i) 
the time betw'een the application of the triggering signal and the attainment 
of a high speed of change over should be as small as possible ; (2) this 
triggering time delay should be constant ; (3) the maximum rate of the rise 
or fall voltage should be as large as possible. 

The maximum rate of voltage rise is obtained just after the regenerative 
period. An equally great rate of voltage fall is obtained about the same 
time. The triggering time delay is, therefore, practically equal to the 
regenerative period. 

If the triggering signal starts the switching over with a certain initial 
rate (dV/dt) and if the final rate attained is n times this value, then the 
triggering time r is approximately given by 

r = llLiSItl (i) 

m 

where m is the positive index of the exponential switching waveform. 
T can be reduced by increasing ni and decreasing n. 

So far as the triggering signal is concerned, a large rate of rise is 
desirable as this would diminish the triggering delay. A satisfactory ampli- 
tude is also necessary as otherwise the triggering point is not well defined 
so that tirggering may not be ensured. 

Regarding tn, it is approximately given by the expression 

m ^ (GjC — Xf RC), ... (a) 

1 

where G represents the transconductance, C the shunt capacities, and R 
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the effective anode resistance of the equivalent circuit (the tube internal 
resistance, the anode resistance and the grid leaks in parallel). 

The shunt anode capacities, C' and C" comprise the following : 

(a) anode cathode capacity of the tube concerned, 

(b) grid cathode capacity of the other tube, 

(c) approximately twice* the sum of the two grid anode capacities. 

We come to the usual discussion concerning triodes and pentode^ in 
connection with shunt capacities. While pentodes would necessarily have 
increased grid cathode and anode cathode capacities, the selection is to be 
based as to whether the sum of these two would be greater . or smaller 
compared with the equivalent capacity of a suitable triode. A comparison 
between actual tubes shows that some improvement, though small, may be 
secured by using pentodes. 

Since pentodes have a high plate resistance, the reduction of the 
exponential index due to the negative term ilRC is much smaller, so that a 
decided improvement is secured, on this score, by using pentodes. 

The maximum rates of the rise voltage is obtained just after the 
regenerative period. This rate is given approximately by the usual relation 

(dVldt) = {Vb-Va}(P2C"*^IolC" ... (3) 

where Vb is the H. T. supply voltage and Va the plate voltage at the end 
of the regenerative period ; h is the standing current in the (conducting) 
tube that is cut off in the switch over. A large value of Jo may be obtained 
only if the corresponding anode resistor has a small value. It is preferable 

* The grid anode capacities are connected between the rising and the falling Voltages. 
The rise and fall voltages differ in magnitude and rate by a factor of one to three-. The 
current through the grid anode capacities produces an effective increase of shunt capacities 
of magnitudes equal to about 1.5 to four times the sum of the grid anode capacities. At 
the start of switching and in the first half of the regenerative period, the rise rate is greater 
than the fall rate. As a result, in this part the equivalent ijicrease in C" is less than twice 
while the equivalent increase in C' is greater than twice the sum Of the grid anode 
capacities. In the second half of the regenerative period, the rise and fall rates get 
almost equalised, so that the equivalent increase in both C' and is twice the sum of the 
grid anode rapacities. The action is complicated, but for a rough estimation, the equi- 
valent shunt capacity may be considered to be increased by twice the sum of the grid 
anode capacities — throughout the regenerative period. In the intermediate period, the 
equivalent increase of C'' is much greater and that of C' less than the commonly taken 
value of twice the sum of the grid anode capacities. This arises as a result of the increased 
values of the fall rate, compared to the rise rale, in this period. An increased fall rafe 
increases C which in turn diminishes the rise rate. The ratio of the rise and fall rates, 
therefore, has a tendency to get accentuated. An extreme example of such accentuatioii 
was obtained in case 50 where the current through the large grid anode capacities of the 
^5A6G experimental tubes, succeeded in reducing the rise rate, so as to keep it stnaliet 
t^han the fall rate over the entire region. No external capacities were connected to the 
tubes in this case, and the large anode resistances (50 K) ensured quick establishTnei;it of 
A more rapid fall rate compared to the slow rise rate. 
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tp have this larsre auode current at a low anode voltage, as this reduces the 
plate dissipation and allows the use of a somewhat larger resistor value for Pa. 
The. use of pentodes as the conducting tube is desirable on this 
consideration also. 

The final rate of the fall voltage will almost always be greater than the 
rise rate. An equal, if uot a greater i-atc, compared to the rise, is secured 
at the end of the regenerative period. The fall rale, as has been mentioned 
before, increases in the intermediate period. If a fast rise rate is secured, 
an equally fast fail rale is almost always obtained. 

Equations (i), (2) and {3) above give approximate expressions of 

triggering delay and final rates pi the change over. These two criteria are 
distinctly separate and they specify completely what is loosely spoken of 
as “fastness”. The triggering delay approximately depends upon GjC 
which has the dimension of i/<. The final rates depend upon /o/C which 
has the dimension of Vi t. A reduction of the shunt capacities c improve? 
“fastness” on both scores by reducing the triggering time and increasing the 
final rates. Increase of the transconductancc figure G, do not increase the 
final rates materially, although it reduces the triggering delay in proportion. 
The final rates are increased by reducing Pz so that a larger value of lo may 
be obtained. The triggering delay is, however, increased by this procedure. 
If larger final rates are the chief requirement, it matters little whether triodes 
or pentodes are used icf. Part I, summary of experimental results) and 
what their transconductauce figures are. A low value of />j must be used 
and the tube T3 is to be selected so that a large /« is obtainable. 

If the circuit application would unavoidably place a large capacity on 
the multivibrator electrode, it is highly desirable to connect the external 
circuit on the anode of the non-conducting tube— the tube that is switched 
on in the important one of the two switchings that requiies the generation 
of the faster wave-front. While this increases the triggeiing delay somewhat, 
the rapidity of the change over is not liumpered. A negative pulse is fed on 
to the external circuit in such connection. The opposite connection, which 
would feed a positive pulse, to the external circuit would drastically 
reduce the final rates of change over and increase the triggering delay. 

Plate-coupled multivibrators are not suitable for feeding positive pulses 
(with a sharp leading edge; to e.xte.nal ciicuils, that would invariably put 
a large capacity, when connected direct on the multivibrator electrodes. 
Positive pulses are conveniently obtained from the output electrode of a 
cathode coupled multivibrator, triggered by positive pulses. Capacity 

loading of the output electrode of a cathode coupled multivibrator, does not 

increase the triggering delay-although the final rate of rise of voltage is 

decreased in proportion to the increase of the capacity. 

The triggering delay in a plate-coupled multivibrator is smaller than 
that of a cathode coupled multivibrator, because the exponential index 
Characteristic of the switch over is greater in plate coupled mult, vibrator. 
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The final rate of rise voltage in both will be the same, if the conducting: 
tubes pass equal currents aud have the same external capacity. While the 
final rate of fall of voltage in a plate-coupled multivibrator is always greater 
than the rate of rise, that in a cathode coupled multivibrator (triggered by 
positive pulses) is always smaller. This is so, because while the switch on 
current in a plate-coupled type is always greater than the cut off current, 
that in a cathode coupled variety is always smaller. Thus the final rate of 
fall of voltage in a plate-coupled multivibrator is always greater than the 
cathode* coupled one using the same tubes. 

Blocking oscillators attain very great final rates because the large 
positive drive on the grid force much larger switch on currents in a blocking 
oscillator. Because of the transformer, the blocking oscillators deliver into the 
output, positive and negative pulses with equal ease. The large final 
currents also enable them to handle large capacity loads satisfactorily. The 
relatively large self-capacity of the transformer windings, however, reduces 
the exponential index, characteristic of the switch over, to values smaller 
than that of multivibrators, so that the triggering delay is somewhat 
greater. 
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THE SCHOTTKY ANALOGUE IN THE PRODUCTION OF 
THE POSITIVE JOSHI EFFECT IN HYDROGEN 

By H. J. ARNIKAR 

{Received for publication, March 27, 

ABSTRACT. A lowering of the sufface work function of a thermionic emitter in 
proportion to the sqnare toot of the intensity of the applied field, as suggested by Rchottky, 
leads to a linear relation between log f and -/X or -/V, where } is the thermionic 
current under the field X due to the potential V. This Schottky relation being known to 
be valid for both thermionic and photoelectric emission, the present work w'as carried out 
to understand its applicability in the production of the positive Joshi effect. Re.sults for 
the positive Joshi effect (+ in hydrogen for 5 different gas pressures show that log (+ Af) 
varies linearly as a/F, thus substantiating Joshi’s theory of the photoelectric origin of Af. 
Results also suggest the co-occurrence of positive and negative Joshi effects (-fAf and 
— Ai) above a limiting potential V , 


INTRODUCTION 

The Schottky effect refers to a continuous increase of the thermionic 
current I with the strength of the applied field X without reaching satu- 
ration. This was attributed by Schottky V1923) to a lowering of the surface 
work function in proportion to s/X. On this consideration, the Richardson 
equation for I becomes, 

l = Ae-{<p-c^JQelkT ... (i) 

where c is the constant of proportionality and c \/X is the lowering in the work 
function Representing by /o the current in the absence of external field, 
the above equation may be written as , 

j = /„ecc yx//,r ... (2) 

whence it follows that log I will be linearly related to w X or to \/ F, if V be 
the potential causing the field. The validity of this was verified experi- 
mentally by Pforte (1928) for thermionic emission for field strengths as high 
as 1000 KV/cm.” Later, Lawrence and Linford (1930) showed that the 
Schottky relation (Kqn. 2) holds for photoelectric emission as well under field 
strengths up to 63 KV/cin. 

In his theory of the above effect, Joshi (1946, 1947®, and 1947 ^), postu- 
lated : (a) the formation of an adsorption-like electrode layer consisting of 
ionised and excited particles and characterized by a low work function, as 
a primary reaction j (6) light releases electrons from (a) ; and (c) these lead 
to a reduction of the discharge current to give the negative Joshi effect as 

7— 1778P— 7 
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a space-charge effect due to negative ion formation by the capture of the 
photoelectrons by the gas particles owing to their enhanced electron affinity 
under excitation. Within limits, the space charge effect is favoured by 
increased X. The positive Joshi effect should therefore occur at low voltages 
associated with the photoelectric emission as in (b). It was of interest, 
therefore, to investigate its production from the standpoint of the Schottky 
relation (2). 


EXPERIMENTAL ARRANGEMENT 

Hydrogen prepared by the electrolysis of N/15 barium hydroxide solution 
was freed from traces of oxygen and stored in a Tdpler evacuated reservoir 
after drying it over phosphorus pentoxide. The gas was admitted into the 
annular space of a large size Siemens’ ozonizer with a total electrode surface 
of about 1300 sq. cm., and its pressure was read by a mercury manometer. 
All the joints in the apparatus were of fused glass. The gas was subjected 
to a 50 c/s A.C. ozonizer discharge, the details of the electric circuit and 
current measurement being same as in earlier works on the Joshi effect, 
(Prasad, 1946, and Rao and Sarma, 1949!. For each applied potential V, 
the values of the discharge current ioark and iLighi, were measured in the dark 
and under irradiation respectively, by light from a 200 -watt incandescent 
bulb run at a constant potential. A centimetre thick column of dilute 
sulphuric acid solution surrounding the ozonizer served both as the T.T. 
electrode and as a filter to cut off the heat radiation. The results for 5 
different gas pressures in the range 7 — 30 mm Hg and for potentials varing 
in the range 0.23 to 0.60 KV (r.m.s.), are entered in Table I, and the varia- 
tion of log (-t- At) with ^ V is plotted in figure i, following Schottky. 

DISCUSSION 

The dark current values (ii>) in Table I indicate the potential range for 
the occurrence of the positive Joshi effect is the narrow region near the 
beginning of the intermittent corona, the current just beginning to rise but 
not rapidly as at the threshold Vm. This region is highly photo-sensitive even 
in the visible range, as revealed by the large (several hundred per cent) positive 
Joshi effect. In other words, the current under irradiation ih) rises preci- 
pitously over this potential range. The lowering of Vm under light, thus 
implied, is an expected consequence of postulates (a) and (b) of Joshi 's theory 
of the origin of Ai, described earlier. 

The system can thus be considered as a phototube with amplification 
both in the gas phase, mainly due to the Townsend (<x) factor, and at the 
electrode surface due to the lowering of the work function as a Schottky 
consequence. Under conditions of the positive Joshi effect ( + At), viz., 
potentials near Vm, the gas amplification factor is assumed to be less important 
on account of low V-ii, slope, and the following expression for *>- is sug- 
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gested analogous to the Schottky relation (2) in thermionics and extended to 
photoelectric phenomena by I^awrence and I^inford (1930; : 

( + At) = ( + Ato) Be kT (g ) 

where B is a constant, and + Aio is the hypothetical positive Joshi effect due 

to the primary photoelectric current with zero field, i.e., in the absence of 
Schottky lowering of the surface work function. 

The straight lines obtaining for the plots of log ( + Ai) versus V (figure 1), 
for 5 different gas pressures are in accord with the above deduction. The 
curves in figure i, it may be noted, are not only linear, but sensibly parallel 
to one another, indicating a constant slope independent of gas pressure, as 
expected on the Schottky equation (2). Further, a limiting potential (F,) 
can be discerned iu each case where linearity abruptly ceases. It is suggested 

30 



. Fig- I 

Potential variation of the positive Joshi effect in hydrogen ; The Schottky analogue 

that F 1 marks the incipience of the co-occurrence of the positive and negative 
Joshi effects, with the positive predominating. Evidence, for such a co- 
occurrence has been independently established in these laboratories by the 
oacillographic study of the phenomenon, (Jatar, 1950). As the potential is 
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Table I 

Potential variation of the Joshi effect in hydrogen 


EV 

a/KF 

io 

ih 

Ai 

%Ai 

log (-f AO 

(i) />H2~7mmHg 






0,23 

0.4796 

3 

24 

+ 21 

+700 

1.3222 

0.24 

0.4899 

3 

36 

+33 

+ IIOD 

1 518s 

245 

0.4950 

3 

69 

+66 

+ 2200 

1.8195 

0.255 

0.5050 

5 

44 

“^39 

+780 

1. 5910 

0.27 

0 5200 

30 

48 

+ 18 

+ 60 

1*2550 

0.30 

0.5477 

82 

78 

-4 

-4 


0.34 

0.5831 

132 

112 

— 20 

-15 


0.38 

0.6164 

140 

56 

-84 

— 60 


0.40 

0.6325 

IIO 

1 

— 109 

-99 


0-49 

0.7COO 

60 

18 

-42 

-70 


(n) pUi^iS-S ““ Hg 






0.28 

0 5291 

12 

28 

+ t6 

+ 130 

I. 2041 

0.285 

0.5338 

13 

52 

+.39 

+300 

I.59II 

0.29 

0.5385 

13 

74 

+6i 

+470 

1-7853 

0.295 

0.5431 

14 

103 

+89 

+640 

1 9494 

0 30 

0.5477 

14 

129 

+115 

+820 

2.0607 

0.305 

0.5523 

224 

167 

-57 

-25 


0.33 

0.5745 

727 

260 

-467 

-64 


0.375 

0.6124 

S62 

175 

-687 

-80 


0.40 

0.6325 

625 

215 

— 410 

— 66 


(Hi) /?H2='2o mtn Hg 






0 295 

0 54.31 

21 

31 

+ 10 

—50 1 

I. 0000 

0 31 

0.5568 

21 

62 

+41 

+ 200 

1.6128 

0.32 

0.5657 

22 

110 

+88 

+400 

1-9445 

0 33 

0.5745 

25 

178 

+153 

■4 610 

2 1847 

0.31 

0 5831 

170 

230 

+60 

+ 40 


0 35 1 

0.5916 

555 

335 

— 220 

-40 


0.425 1 

0.6519 

1280 

645 

-635 

-50 


0.525 1 

0.7426 

1400 

880 

—520 

-37 


Hv) /)H3 = 26 mm Hg 






0.33 

0.5745 

15 

1 26 

+ n 

+ 70 

1. 0414 

0.335 

0.5788 

16 

' 34 

+19 

+ 120 

1.2788 

0.34 

0.5831 

17 

41 

+24 

+ 140 

1.3802 

0.345 

0.5873 

18 

60 

+ 42 

+ 230 

1.6232 

0.35 

0.5916 

18 

8r 

+ 63 

4-350 

I 7993 

0-355 

0 5958 

20 

102 

+ 82 

+410 

1 9138 

0.36 

0.6000 

23 

136 

+ 113 

- 4-490 

2-0531 

o. 3 <^S 

0.6041 

26 

156 

+130 

+500 

2. 1139 

0-375 

0.6124 

410 

235 

-185 

•45 


0.425 

0.6519 

1170 

585 

—58s ■ 

-50 j 


0.575 

0.7583 

1620 

1020 

— 600 

-37 1 


(v) pHr 

“ 30 mm Hg 






0.335 

0.5788 

17 

26 

+9 

+ 50 

0.9542 

0.34 

0.5831 

18 

30 

+ 12 

+60 

1.0792 

0 35 

0 5916 

20 

42 

+ 22 

+ 110 

1-3424 

0.36s 

0.6041 

21 

84 

+63 

+ 300 

1-7993 

0.375 

0.6124 

24 

131 

+ 107 

4-450 

2.02Q4 

0.39 

0.6245 

24 

186 

+ 162 

+680 

2.2095 

0.405 

0 6364 

320 

260 

—60 

— 19 


0.425 

0.6519 

690 

440 

— 250 



0-45 

0.6708 

1150 

650 

—500 

—43 


0.505 

0.7106 

1560 

930 

~6jo 

— 40 < 

1 

0.605 

0.7778 

1680 

1280 

—400 ’ 

1 -24 ; 

[ i 
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further raised beypiitl t'/ , the negative Joshi eflfect, anticipated on postulate 
(c) of Joshi’s theory, increases rapidly in magnitude finally reverses the sign 
of net A/ observable. 
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STUDIES ON THE SPORADIC E-LAYER* 

By R. B. BANKRJI 

I 

(.Received fori^ptiblication, May i, igsi) 

ABSTBACT. Attempt has been niafle to investigate the structure and properties of 
the sporadic E# region of the ionosi|iere from a study of the fading of the echoes from 
this region. Statistical analysis showdf that the echo consists of two components, one 
superposed on the other One of the| components is due to random scattering and the 
other to a steady reflection. This shows^hal the E. region consists of a regularly reflec- 
ting region and a region of ion-clou^ A method for estimating the average number 
density of electrons in the clouds has beeja developed. It is found that the average number 
density is below that required for totally reflecting the exploring waves. Bxpressions for 
the variation of reflection coefficient with the variation of exploring frequency has been 
developed for a thin and for a semi-infinite layer (The electron distribution at tbe 
boundary' is assumed to have a linear profile). The expression shows that it is possihlp 
from the observation of reflection-characteristics to distinguish between the two cases. 
Hence with the help of this expression cne can investigate the structure of that part of 
the R* region which gives rise to the steady echo. 

I. INTRODUCTION 

The irregularly occurring region of ionisation, known as the sporadic 
E-layer (E«), presents many perplexing problems regarding its origin an4 
structure. As is well-known, the E, -echoes are characterised by the facts 
that they are obtained on frequencies much higher than the noimal Elayer 
critical frequency (from about the same height as that of the normal Elayer) 
and that the ‘reflections’ are only partial. These phenomena are explained 
by Best, Farmer and Ratcliffe (1938) on the hypothesis that sporadic E region 
consists of ion- clouds and that the observed echoes are due to scattering, 
rather than reflection from these clouds. This view has been experimentally 
cotroborated by Eckersely and Faimer (i945)- Booker (1950) has recently 
given a theory of scattering from such clouds. fA similar theory applied 
to the case of propagation of microwaves through the troposphere shows 
that the observed variation of signal intensity with distance agrees with 
that calculated from the theory.) However, Appleton, Naismith and Ingram 
(1939) explain the E, echoes as due to partial reflection from extremely 
thin layer of ionisation embedded within the Elayer. One of the wajrs 
Of investigating the E, region, le. determining how far it consists of irregul- 
arly distributed clouds and how far it has a thin-layer stmethre. is to make 
a statistical study of the fading of the E, echoes. This is because, as pointed 

V* * CommiJ pica ted by Prof. S. K. Mitrn, 



360 


R. B. Banerji 


out by McNicol (1949), the probability distribution of the amplitude of the 
echoes, if they are only due to scattering, will be different from that if they 
have a steady component (due to partial reflection from a thin layer) super- 
posed on them. Such studies have been made by the author and the results 
of the analysis show that even when there are echoes only from the sporadic 
E region, there is a strong component which can only be ascribed to regular 
reflection from a layer. A quasi-periodic variation of the ionospheric fading 
characteristics has also been noticed. This suggests the existence of a steady 
drift. Attempt has also been made, by extending Booker's formula, to deter- 
mine the ionic density of the Ej clouds from the variation of scattered 
intensity with frequency. It is found that the observed ionic density 
of the clouds bear no relation to the normal Elayer critical frequency. 

2. BXPRRIMENTAI, SET-UP AND PROCEDURE 

The apparatus used was the 500-watt ionospheric sounding equipment 
used for routine observations installed at the University College of Sciehce, 
-Calcutta. The intensity of the E, echo was delineated on the C.R.O. screen 
and' its atnplitude was noted visually every five seconds to the nearest half- 
centimetre of length. This gave a measure of the fluctuation of the reflec- 
tion coefficient on an arbitrary scale. Observations were taken continuously 
for five minutes (giving sixty values of the amplitude) on each of a number 
of sounding frequencies. Care was taken to keep the aerial current constant 
during the observations. As the radiation pattern of the inverted-L aerial 
which was used for transmission would not change much within the range 
of frequencies employed (0.5 to i.o Mc/sec.), the constancy of aerial current 
ensured an appreciably constant value of the radiated power. Observations 
extending over periods of 7 to 20 minutes were also taken to detect any 
variation of the scattering characteristics. 


, THE SCATTERED AND STEADY COMPONENTS 


ia) The probability distribution curves . — If the returned echo consists 
of a steady component and a scattered component then the piobability distri- 
bution of the amplitude of the echo follows the curve given by Rice ^1945!. 



{fe+rV/fl* 


(1) 


where is the Bessel function of zero order with imaginary argument, B is 
tke amplitude of the steady component, and R the amplitude of the scattered 
component, i.e., root mean square amplitude due to a large number of. waves 

in. random phase. McNicol has pointed out that if Ba/s/E <C r, the Rice 
.distribution approximates to the Rayleigh distribution . .. 
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and, if B\^as / 1 ? > 3, it approximates to the Gaussian distribution 


where 

= + ^ . (see figure i) 

2 


20 


.lO 


<) 5 

Amplitude — > 

Fig. 1 

Rice cui VCB with K - 2 V'a and ^=1,3 and 6 as noted against each curve. Note how the 
form of the curve goes over to the Gaussian type from the Rayleigh type as the ratio 
B\^ 2 /R increases from below i to above 3. 

From a study of the closeness of fit of the observed distribution curves with 
the one or the other of the theoretical curves (i), (2) or (3), it is possible 

to estimate the respective proportions of B and B, i.e., of the scattered and 

steady components in the received li, echoes. 

McNicol (1949) has analysed a large amount of fading data, both at 
high and medium frequencies at both vertical and oblique incidence. He 
found that echoes on high frequency and on medium frequencies at oblique 
incidence have a large steady reflection component. 

(b) Fitting of the curves— draw the probability distribution curves 
from the fading data the amplitudes recorded were divided into groups 
differing from one another by 0.5 cm. Xhe number of amplitudes falling 
into each group was plotted against the corresponding amplitude to give 
the frequency distribution or, when normalised, the probability distribution 
of the echo intensity. The form of the probability distribution gave an 
indication of the approximate values of the parameters «f the distribution 
curve. It was found, however, that these values did not c’Onform to either 
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ot the two limiting conditions (2) or (3\ in which case the process ol, carve 
fitting could have been simplified by transformation to a case of straight line 
&ting. In this case intermediate values of By/zfR were most frequent. 
Accurate determination of B and R was, therefore, very difficult and trial*apd- 
error method was adopted. Values of the parameters differing by finite Steps 
were taken and the theoretical curves corresponding to these values were 
fitted to the experimental distribution curves. A set of typical results is shown 
in Table 1 . Figure 2 shows one such curve. 

Tabls I 

A typical set of observations 


Date : January i, 1951 ; Time ; 12.10 hrs. to 12.30 hrs. 

/"£, =4.65 Mc/sec ; f°E = 3.60 Mc/sec. 


Frequency of 
obi::ei‘ vat ions 

Number of 
data 

Significance 
of fit 

H 

R 

1 


455 

61 

1 

0.60 

2 

I -/T 

4.15 Mc/sec. 






4 33 Mc/sec, 

4-45 

61 

0.85 

5 

2,5 a/X 







3.50 Mc/sec. 

4-30 

56 

0,70 

2 

2 




Amplitude 

Pig. 2 ‘ 

■ '*’ Probability histegram of amplitude recorded on Jan. i at a freqae^y .of a.ta Mc/Bee..' 

B-< „d K=i cm. bring chWn Z ,nk 
feeoetnpwiMni. ■ ... _ <.■ • 







Studies on Sporadic E-layer 

The significance of the closanes'^es of the fits could not. however, be 
weU estimated by only a visual comparison of the theoretical and experi- 
mental histograms due to the statistical scatter of the points introduced by 
the smallness of the sample. Recourse was, therefore, taken to the well- 
known method of significance test due to Pearson. Out of 25 curves with 
short periods of observation (size of sample = 60) 22 were found to have 
probabilities of fit greater than^.o.s. This is sufficient evidence to the effect 
that Rice distribution is being folli>wed. Values of B Va/R as found, varied 
generally from i to 3, showing th|t there was a distinct steady echo in addition 
to the scattered wavelets. 


4 . THE SCATTERED C M I* O N E N T— C A h C U I, A T I o N Oh' 
ELECTRON I> E l| S 1 T V IN THE CLOUDS 

Booker and Gordon (iQsolHiave given a theory of ‘•cattering of micro- 
waves in the troposphere which Booker later applied with appropriate modi- 
fications to the E, layer. Their formula provides a means of estimating the 
mean electron density of the scattering clouds. It is shown below that the 
variation of the mean scattering coefficient Tcharacterised by llie parameter R 
of the probability distribution) with the frequency ot the sounding wave can 
be used for this calculation. 

According to Booker, the scattering coefficient (tr) of a bunch of clouds 
with a scale of fine structure I, mean dielectric constant « and mean variation 
thereof Ae is given by 

“ - 2 2 (t) 

for perpendicular incidence. 

Replacing 4»rZ by Aq, the penetration wavelength, we can write, 

Ae /A? 

-'[-a")'] 

' Now, neglecting the magnetic [field of the earth, the dielectric constant 
of an Ionic cloud is given by 

I - 4>riVe » . = . 

** ; ■ ini>* 
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Putting for convenience (»'c having no significance 

m 

except that this would be the penetration frequency of a thick layer having 
this ionic density) 


Hence 


dN 



s/ar = 


v'8 




N ' 



If <r and <r be the scattering coefficients at two frequencies v and v (v, 
being the same under constant conditions) we have 



Now \/<r is proportional to the amplitude of the echo, as depicted on the 
oscillograph screen. Thus by noting the mean amplitude of the echoes at 
two frequencies and also the penetration frequency, we can calculate the 
value of Vj, which is a measure of the ionic density in the clouds. 

In course of our observations we were able to measure I'c on six days. 
For each of three of these days, only two values of o- could be obtained. 
The values of Ve were found to be between 2 and 5 Mc/sec. For each of the 
three other days, three values of a- were obtained. These latter observations 
naturally allowed us to calculate three independent values of and hence 
afforded a means of checking the theory and observations. The general 
values of Vg agreed with those given above and also among themselves 
within ±0.5 Mc/sec. One such set of values is given in Table 1. 

In addition to our own observations, we utilised some of the earlier data 
of Rawer (1949) on the variations of the reflection coefficient of the E, layer 
with exploring frequency. Rawer noted the frequencies at which the ratios 
of the amplitudes of the E, and simultaneous F-echoes were ioo:x, io:x, 
i:i, 1:10 and 1:100. Some carves showing the hourly valites of these fre- 
quencies were used to verify our analysis. In these calculations, the values 
of the frequencies for 1:100 were taken to be the penetration frequency. 
From the four other frequencies, six values , of were deduced; these six 
agreeing among themselves in each case. The frequencies were of the order 
of 3 — 4 Mc/sec. 
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S, THB STEADY COMPONRN T— R RFIvECTTONS FROM - A 

'r H 1 N A Y R R 

Tie presence of a steady reflected component in the echo from the Bt 
region (Sec. 3) indicates the presence of a stratum of ionisation of horizontal 
extent much greater than the length of the exploring wave. Also, the 
phenomenon of partial reflection associated with E, echoes indicates that the 
thickness of the stratum must he’ comparable to the wavelength. A part of 
the E* region may thus be identified with a thin layer. 

It is possible in principle, ; by measuring the variation of reflection 
coefficient with change of exploring frequency and comparing results with 
the deductions from the iheore^cal formulae for reflection coefficient under 
similar conditions [as given by H|rtree (igzg), Saha and Rai (i 937 l a>'d Deb 
(1940)] to make an estimate of |the thickness of the layer. Unfortunately, 
on account of experimental difficSalties, reflection coefficients could not be 
obtained over a sufficiently large range of exploring frequencies. However, 
over our limited range of observations vve obtained a result which indicates 
qualitative' agreement with the variation of reflection coefficient with wave 
length as given by Hartree’s formula. In two of our observations the 
parameter B of the distribution curve (which charactetises the coefficient 
corresponding to the steady component) passed through a maximum with 
change of the exploring wave frequency having values higher than v*. 
According to Hartree’s formula also the reflection coefficient should pass 
through a number of maxima and minima as the frequency of the exploring 
wave is changed in the range greater than the penetration frequency (by 
this term vve mean here a fiequeucy that would be just reflected by a thick 

layer of same ionic density). • 

It may be mentioned in this connection that Best, Farmer and Ratcliffe 
(1938^ suggest that the B, reflections may be due to a sharp gradient of 
ionisation in the lower part of the B region. It is clear from the above that 
observations on the variation of the parameter B over a wide langc of v may 
yield sufficient data to descriminate between the two points of view (thin 
layer or sharp gradient). 

An alternativ’e and simpler method for determining the reflection 
coefficient of a sharp gradient or a thin layer, as developed by the author, is 
given below. The starting point of the analysis is the expression given by 
Rayleigh for reflection from a medium of varying refractive index. Rayleigh s 
expression for the reflection coefficient may be written as 



Ai o 


It is assumed that the reflection coefficient is small at all points. 

Let the reflecting medium consist of electrons distribute<t 1 n a thin layer 
of triangular profile having semi“thickuess Zn and maximum ion^c density 
(corresponding to the critical frequency v, of a thick layer). Ihe number 




7 "V 

In tlie second integral, the transformation 2 — — = yields, on making the 
running variable uniform. 



which yields 





367 


Studies on Sporadic E-layer 

Thi. expr»„M ceases lo be valid when v approaches v, i.r. pear 
cntlcal rea^t.M smce the reBectioo here is very profuse and our initial 
at»umpt.op breaks down. Within the region of validity, the lower linnt of 
mteg^fon ts greater than The modulus of the integral has no pronounced 
varratton tn this range (figure 3) and hence the maxima and minim, of the 
reflection coefficient are determined by the first factor. 



The first factor is maximum when the arguments of the two complex 
quantities differ by an odd multiple of tt, z.e. when 


StT Zi 

' * 


v*= (2M + 

3C 





i. 




(311 + 1)30 
8 



Or, putting c/Z, = 1',, 



3(2n + i) Vp^v, 
8 


(10) 


Graphical solution of this equation shows that the function Bj/ /I, will 
go through a swies of maxima and minima. The spacings between the 
maxima and the frequency for the first maximum are dependent on the 
2—1778?— 8 
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ratio vj/vj, t. e. is a function of the thickness and density- of 'the layer. 
However, the frequency separation of the maxima are of the same order- as 
Ve, (see figure 4). . . 



2 3 4; 

Fig. 4 

Graphical aolution ot Bq. (10). The dotted lines represent the L. H. S. and the bold 
lines the R. H. S. for the various values of n noted against each. Tie intersections give 
values of v/v, for maxima. «'i/v.=2.5 

If instead of a layer of finite thickness We have a'seini-infinite layer 
of steep boundary (the electron distribution iit the boundary being given by 
eqn.7, then the condition for maximum reflection coeflBcient is given by 

-- v^ = (2n + i)n; • , • 

t.C., ^ ^ ,, 1, » • 

It is to be noted that the spacings between the cubes of the maxima 
are constant. Thus a measurement of the spajcings between the maxima 
when the exploring wave frequency is varied can provide a lest for the nature 
of the layer, whether it is a thin layer or has a thickness large compared to the 
wavelength having a steep lower boundary. 

6. A NOTE ON THE OBSERVED VARIATION O-E PIT 

' ' During oqr observations it was noticed that the fits for- smaller ‘samples 
(^o to 60 data) were more significant thah th'o^ tor larger 'sainples (zdo to 
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aoo data). It was suspected that the misfit was being caused by a change 
in the ionospheric conditions (as characterised by the distribution parameters 
B and R) during the period of observation, which was perforce rather long 
(is to 20 minutes) for the larger samples. Such changes would cause a 
' variation of the closeness of the fit as the time of observation is gradually 
lengthened. It is- evident that a functional relationship exists between the 
variation of fit and the variation of the distribution parameters. 

®fndy this effect a number of long duration observations 'ranging 
from 8 to 20 minutes) were taken. Instead of calculating the actual value 
of the Pearson’s x® function, the closeness of fit was calculated by the 
Quantity x ^ being the total number of observations. ’I'his quantity 
is given by the equation 

N i ^ 

where rpt is the theoretical probability of occurence of the i th amplitude 
range and the experimentally observed probability. The analysis was 
carried out as follows : 

The total number of data was first fitted to the nearest Rice curve. 
The set was then considered up to the first 40 observations and the value 
of x^/N calculated with the Rice curve deduced before. The number of 
data was then progressively increased and x*/ recalculated till the end of 
the set. 

The investigation of the functional relationship between variations of 
X^/N and the characteristics is complicated by the finite size of each sample. 
As a first approximation we will assume that the whole deviation of the 
fit is due to the variation of the characteristics or, in effect, that the 
samples behave as infinitely large ones. A general analysis of the variation 
of Rayleigh fits is given below. The parallel analysis for Rice curves is 
made difficult by the comparatively complicated Bessel function with 
imaginary arguments. . 

The Rayleigh distribution 

tL — 31 fi’ dr 
ro— ^2 ‘ “ » 

can be wtitten as 



If I /R® be a function of time, given geneially by 
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Hi) Case of no variation, <p{t) — o. 



B'ive curves were analysed. Of these, three indi.cated a periodic fluctua* 
tion, one a constant parameter and another a constant parameter after a small 
increase (figures 5 and 6). , 



250 500 750 

to >■ 

Fig. 6 


Variations of closeness of fit with increasing duration of observation. The sample was 
observed on Sep. 22 at a freqtieycy of 2.60 Mc/sec. The hyperbolic variation is indicative 
of steady value of the parameters. 


7. CONCLUDING REMARKS 

The experimental equipment does not allow a continuous observation of 
variation. Hence a large number of data is necessary to approximate the true 
probability distribution curve. This latter, in its turn, necessitates a long 
period of observation Thus the assumption that the ionospheric conditions 
are constant during the period of observation eases to be valid. This results 
in considerable dispersion of the experimental histogram and renders an 
accurate determination of the Rice parameters very difficult. For better 



Studies on Sporadic E-layer 


373 

results a continuous photographic .method for quick accumulation of a large 
amount of data in a short time is, thereiore, essential. This would allow a 
more thorough statistical analysis of the data. 

Significant divergences of the fit may be due to causes other than 
statistical. In the analysis it has been assmned that waves from a very large 
number of independent scatterers are reaching the receiver. This would 
necessitate a large ‘angle of spread’ of the scattered wave. However, .the 
reason for fluctuation of echo intensity may not t>e only an effect of inter- 
ference. It is possible that there is specular reflection from clouds of rather 
large size v\ hich pass above the i.>oint of observation. For such cases the 
fluctuations would obviously not follow the Rice law. The effect due to 
passage of large size clouds would increase as the critical frequency is 
approached, i.e., when back-scatter decreases markedly. Thus 'v/v, the 
ratio of critical frequency to the frequency of observation ought to be 
positively correlated to P the probability of fit. 

The variation of the radiated power with changing frequency and also 
absorption in the lower strata introduce other sources of error in the evalua- 
tion of the reflection co-efficient. Rawer (iQtQ; has suggested that a com- 
parison of the E* and F echo strengths would give a more correct measure of 
the reflection coefficient of the Ii» layer. Simultaneous recordings of the 
E* and F echoes are, therefore, necessary. A method for carrying out such 
observations by a pair of gated amplifiers and a narrower pulse to resolve the 
different echoes is being developed at present, 
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SODIUM IN THE UPPER ATMOSPHERE"^ 

By ARUN KUMAR SAHA 

{Received for publication, July 3, 195/) 

ABSTRACT. The paper first surveys the availahle data for ‘ he sodiimi phenomena in 
the upper atmosphere, namely, intensity variations of the D-liiies in the nfjjht air-glow and 
in the twilight flash, the height of the emitting layers, the distrihufion of sodium in the 
atmosphere and its probable source. The various excitation pioce^'Ses, both regarding the 
twilight flash and the night air-glow emission are closely examined It is shown that the 
most probable mode of production of the twilight flash is resonani'c* excitation of neutral 
sodium atoms in 35*65 km. region by solar radiation AS893, there being no significant effect 
of ozone screening, The possible excitation processes in the night air-glow are exa- 
mined critically on the assumption that the height of the emitting layer is 250 km. (as 
obtained by Barbier and Roach) and that above 100 km. sodium exists wholly in the ionized 
state (as shown by Bates). Two possible excitation pro(*esscs are examined: (i; Radiative 
recombination of Na"^ ions and (2) mutual neutralization of Na’^ and o 10ns. Of these two 
processes the latter seems more proliablc as the former re(inires impossibly higli <‘oncentra- 
tion of Na**" ions. Bui the latter process cannot maintain the observed intensity of the 
radiation throughout the dark hours of the night. Hence it i- concluded that extra terres- 
trial particles must be bombarding the upper atinosphe’ ic regions, ionizing and/(»r exciting 
the neutralized Na+ions. Alternatively, it may be assumed tnat Medium atoms are entering 
the atmosphere from interplanetary space 

I N T R O D IT C T 1 O N 


The presence of the element sodium in the upper atmospheric regions 
has been proved beyond doubt by the identification of the yellow U-lines in 
the night air glow spectrum. A large number of workers have made observa- 
tions on the intensity variation of these lines both in the night air-glow and 

in the twilight flash, with a view to determine the hclKhl of the cmitlmg 
layer, the distribution of the sodium content with height and a so the total 
number of sodium atoms. Unfortunately, the results obtained are not con- 
cordant. For example, while according to some observers the sodium is 

concentrated in a comparatively thin layer between 70 and 110 km., others 

estimate the height of emission of the D-lines to be " 5 “ '‘™ ' “ ■ “ 

region of the P-layer of the ionosphere. Further, the modes of excitation of 
^ ^inm D-lines. both in the night air-glow and also dnnng the 
IwiUrtt Lsh, are stiU insufficiently understood. The purpose of the pmsent 
paper is firstly to give a connected account of our present state of know- 
iX of upper ;tmipheric sodium, and secondly, to examine and extend *e 
ISSto of the excflation of the D-Unes. and to 
probable distribution and source of sodium in the upper a m 

* Cotnnmnicated by Prof. S. K. Mitra 
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PRESENT STATE OF KNOWLEDGE OF UPPER 
ATMOSPHERIC SODIUM 

Sodium gives one of the most prominent and easily observed lines in the 
spectrum of the night air-glow. It was first identified by Bernard (1938) 
by accurate measurement of waveleugth with Fabty-Perot interferometer. 

Intensity and its variations. — The absolute intensity of the radiation has 
been measured by several authors (Cabinnes, Dufay and Gauzit* 1938; 
Barbier and Roach, iQ5oa; Bates and Nicolet, 1950; and has been found to 
correspond to 2 x 10* to 8 x 10^ transitions per sec. per cm® column of atmos- 
phere. 

The intensity of the D-etnission remains fairly constant throughout the 
night vElvey and Farnsworth, 1942). During the morning and evening 
twilights, however, the sodium light is enhanced in the illuminated upper 
atmosphere to 50 to 100 times the night air- glow intensity. This enhancement 
is generally referred to as the twilight flash of sodium. 

The intensity is, however, subject to considerable fluctuations from 
night to night. There may be nights when under the most favourable 
conditions the lines are absent from the twilight spectrogram <^Vegard and 
Tdnsberg, 1941), Further, the emission is not uniform from all parts of the 
sky. 

There is also a seasonal variation in the intensity with a maximum in 
winter and a minimum ’n summer. 

Height of the emitting layer — Many attempts have been made to deter- 
mine the height of the layer emitting the D-lines in the night air-glow by the 
well known van Rhijn technique. The results obtained, however, are widely 
divergent amongst themselves as will be seen from Table I. 


Table I 


Observer 

Height obtained 

Remarks 

Cabannes, Oufay and Gauzit 

(1938) 

130 km. 

Ra.sed on observations by Gar- 
rigue at Pic*du-Mfdi, France 
in 1936. 

Dufay and Tcheng Mao-Lin 
(1948) 

80 km. 

Used only two zenith distances. 

Barbier and Roach ’1950a, 
Roach and Petit, 1951). 

250 km. 

i 

Used interference type filters to 
transmit narrow bands, in con- 
j junction with a photo-electric 

photometer 


Observations on the twilight /lash. — Bernard (1938) was the first to 
make systematic observations on the twilight flash. He found that the flash 
disappeared when the edge of the shadow cast by the earth passe4 at a height 
®f about 60 km. 
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Vegard and Tonsberg (1940; 1941 ) found that the upper limit to the 
height of the emitting layer as deduced from observations of the twilight 
flash made near the horizon always gave a much larger value than those 
deduced from similar observations made near the zenith. This discrepancy 
they explained by asuming that the excitation of the D-lines was caused by 
ultraviolet light in a wave-length range that is absorbed by ozone. When 
calculating the height of the upper limit they, therefore, took into account 
the effective increase in the radius of the earth shadow by the ozone screening. 
From a large number of observations made at Oslo and Troms<) Vegard and 
Tonsberg determined the value of the screening height and also the upper 
limit of the height at which the flash disappeared. The mean value of the 
former (screening height) was found to be 49 km. and of the latter 
110 km. 

Cario and Stilie (1950) rrwde similar experiments over northern 
Germany in 1941. They measured the upper limit of the height of emission 
to be ii8±2.5 km and the screening to be 54 ±3 km. 

Barbier (1948) from twilight observations in Haute-Provence 'France) 

estimated the base of the sodium layer at yo km . 

In addition to the ordinary twilight flash, as described above, a late 
twilight effect consisting of a slow steady decrease of the intensity for an 
hour or so after the astronomical twilight has also been observed by Barbier 
and Roach {1950b). Identical observations have been recorded for both 
evening and morning twilights. The measurements indicated the region 
of emission in the range 200 to Ooo km. (However, in a private comnmmca- 
tion Roach stales that the late twilight flash was not observed nga.n and 
that he is inclined to believe that it is a sporadic phenomenon). 


DisMbuUon ot radian, in II, e uPP., atmosphere. -Attempt, have been 
made to determine the location and distribution of sodium m the uppm 
atmosphere from observations on the night air-glow em.ssum as also 
from those on the twilight flash. The results obtained by the diflerent 

w’orkers are as follows : 

An estimate 'of the total number of sodium atoms m the upper 
An estimate - a«d Massey '1946) from the observed 

atmosphere has been ina c y quanta (taking 

intensity of the twilight known probability 

account of The estimated number of sodium atoms 

ItryoTm. ^s found to be of the order to’ per cm’ column of 

atmosphere. estimate from twilight 

Barbier (rfleS) ^r^^oo “^100 the number of sodimn 

observations, namely, that in / that according to both 

atoms per cm’ column is S»‘o ■ j^^ktion (to— I ol 

the estimates the total sodium content is only 
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the total atmospheric constituents. If it is assumed that sodium in the above 
proportion is distributed over the whole atmosphere then the number per 
cm® column would be 2 x 10^®. 

In view of its minute proportion, the interesting suggestion has been 
made by Bates (1950) that it can be increased by a significant amount by 
ejectinj* sodium vapour in, say, 70 km. region from a rocket. This would 
enable controlled experimental observation on sodium emissions to be 
carried out. 

An estimate of the thickness of the sodium layer was made by Vegard 
and Tdnsberg (1940 ; 1941) by observing the time at which the intensity 
of the twilight flash began to drop rapidly (as the sun sank more and more 
below the horizon) and the time at which it vanished i.e., fell to the night- 
time value, The former gave the time at which the shadow formed by the 
ozone screening siihere passed the lower border and the latter the time at 
which it passed the upper limit of the sodium layer. The thickness of the 
layer was obtained from a knowledge of this time interval and the height 
of the ozone screening sphere (vide supra). The thickness was found to 
vary between 8.4 and 27 km (with a mean value of 16.2 km). Hence it 
was concluded that the sodium producing the twilight flash was situated 
in a comparatively thin layer between the heights 85 km, and iio km 

Elvey and Farnsw'orth (1942) put a different interpretation to the 
phenomenon of sudden disappearance of the twilight flash. This, according 
to the authors, was not due to the edge of the shadow having passed above 
the sodium layer, but was merely an effect of the sodium content falling 
exponentially to a low value. According to the observations of these 
authors, the decrease of intensity with height followed a logarithmic law and 
ran parallel to the decrease of number density of atmospheric molecules 
with height. 

Barbier and Roach (igsoa ; also Roach and Pettit, 1951) have estimated 
the height of the emitting layer (see Table I) to be around 250 km. i.e., in 
the F-region of the ionosphere. In view of the many precautions taken 
by these authors the results obtained appear to be more reliable than those 
obtained by previous workers. This observation together with those on 
the twilight flash leads one to conclude that sodium is not confined within 
a narrow layer (as had been supposed by some authors), but is distributed 
in two layers; one in the 80 or 85 to no km. region, and another in the 
region of the F-layer of the ionosphere. Or, it may be that sodium in the 
atmosphere extends from a level of about 80 km. upto the F-region. (See 
however, discussion in the next section. The base of the sodium layer is 
taken at 35 km. and not at 80 km.). 

Source of the upper atmospheric sodium . — Nothing definite is known 
about the source of the upper atmospheric sodium. The sodium may be 
of terrestrial origin, but there are strong reasons to believe that at least a 
part of the sodium comes into the atmosphere from outer space. 
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In favour of the terrestrial origin it has been suggested that ascending 
air currents may carry sodium salt from ocean sprays. Volcanic dust 
containing sodium compounds have also been known to shoot up to great 
heights — 30 km. (Bernard, 1939). 

Cabannes, Dufay and Gauzit (1938) and others attribute the origin of 
the atmospheric sodium to meteorites. The D-lines have been detected in 
meteoric spectra. But, it has been argued that the lines may be due to 
excitation of atmospheric sodium atoms (Roacli, 1949). 

Bates ^^1947) favours a coainic origin from consideration of the density 
gradient of atmospheric sodium obtained from twilight investigations. 
Vegard (1940) suggests that sodium comes into the atmosphere from the sun 
along with the solar corpuscular streams that produce auroral and magnetic 
disturbance phen om ena . 

It has also been suggested, that the eartli is sweeping through inter- 
planetary sodium clouds and the sodium is swept into the earth's atmosphere 
as the latter moves through space (Barbier and Roacli, 19506). This hypo- 
thesis promises an explanation of the seasonal variation of intensity of 
nocturnal D-lines. 

It is difficult to judge the relative merits of the different hypotheses 
because we do not know how and at what rate the sodium is disappearing 
from the regions from which it emits light. 

EXCITATION PROCESSES 

(a) Twilight flash . — There have been two views regarding excitation of 
the sodium atom in the twilight flash. 

According to Vegard and Tdnsberg (1940, 1941) the exciting radiation 
is in the ultraviolet lying between 1900S. to zgooK.. They arrive at this 
conclusion from the fact that according to their observations the exciting 
radiation has to pass above the ozone layer {vide suPra). Also the exciting 
radiation cannot be less than 1900^ becau.se such radiation will be absorbed 
by the overlying mass of air. The wavelength, also, cannot be longer than 
2900A as otherwise ozone screening (Hartley bands) will not have any effect. 

According to Barbier and Roach (19506), however, the twilight flash 
is simply a case of resonance excitation, the active wavelength being 5893!. 
They take into account the effect of ozone screening, but this effect 
is assumed to be due to the feeble absorption in the region of Chappuis 
bands and not to the strong Hartley bands. 

A close examination of the two hypotheses shows that neither is wholly 
correct. The twilight flash is due to resonance excitation as proposed by 
Barbier and Roach, but the exciting radiation (5893^) need not pass above 
the ozone layer. This will be clear from the consideration of the maximum 
possible absorption which can be effected by ozone in the region of Chappuis 
bands. Barbier. Chalonge and Vigroux (1942) made obfeervations during a 
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lunar eclipse when they followed spectroscopically the sunlight passing 
obliquely through the earth’s atmosphere on the darkening moon. Using 
absorption in the region of Chappuis bands they determined the ozone 
masses for the different ray paths which passed over the earth’s surface 
within 4 to 17 km. They found that the maximum value of the ozone mass 
traversed was ti cm. and that this occurred when the distance of the ray 
from the earth’s surface was 12 km. Since the maximum absorption co- 
eflBeient in the Chappuis bands is 0.05 at 6 ioo 5 ., the maximum reduction in 
intensity of solar radiation may be 40%. If the solar ray passes by the toi> 
of the ozone layer (40 to 50 km.) the absorption will be insignificant. It 
is, therefore, difficult to see how the resonance excitation process of sodium 
atoms by A5893 can be significantly affected by the ozone absorption in the 
region of Chappuis bands. 

One has, however, to explain the observations of Vegard and Tonsberg 
namely, that there was a systematic difference between the height measure- 
ments of the upper limit of the sodium flash when observed along the zenith 
and when observed along a direction close to the horizon (and which was 
interpreted as due to the exciting radiation having to pass above the ozone 
layer). It should, however, be remembered that the results of height deter- 
minations, as carried out by Vegard and Tonsberg, were not sufficiently 
accurate. The spectrographs in the experiments were exposed for 3 — 6 
minutes at the zenith and 6— 10 minutes and sometimes 20 — 30 minutes at 
the low angles. If the time of disappearance occurs within the exposure 
interval it cannot be noted with accuracy ; and an inaccuracy of 5 minutes would 
lead to an error in the height measurement of about 30 km. The conclusion 
of Vegard and Tonsberg, therefore, that the exciting radiation has to pass 
above the ozone screening height, is not fully warranted. It may, therefore, 
be concluded that the twilight flash is caused by resonance absorption of 
radiation A5893 and that any increase in the screening radius of the earth is 
only due to terrestrial absorption due to haze etc. extending up 5 km. at a 
liberal estimate. 

A result of the above conclusion is that the height of the sodium layer 
as measured from observations of twilight flash by Vegard and Tonsberg, 
as also by Bar bier will have to be reduced by about 45 km. This means that 
the bottom of the sodium layer, as indicated by the lower limit of the flash 
(corresponding to the time at which the intensity of the flash begins to drop 
rapidly), is at 35 to 40 km. and the top, as indicated by the upper limit, is at 
about 6s km. (of the same order as obtained by Bernard, who did not 
consider ozone screening). This result is more in conformity with the 
findings of Bates (1947), according to whom, due to the ionizing action of 
solar radiation, sodium above 80 or 90 Kra. .vill almost wholly bi in the 
ionized state. And, in such case, in the absence of neutral sodium atoms, no 
twilight enhancement is possible, though according to observations of 
Vegard and Tonsberg and Barbier twilight flash is observed (assuming oaone 
screening) even up to no k m. 
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^ (6) Nocturnal emission. To explain the noclitrual emission of the 
D-lines the presence of neutral sodium atoms is generally assumed. According 
to Chapman (1939) the energy of excitation of the sodium atom is derived 

from the solar energy which has been spent in dissociating the ()j molecules 

in the upper attnospheie- Ihus we may imagine the following reactions ; 

NaO+() — >Na* + ()2 ... (i) 

Na + O + O — ^Na* + ();. .. (2) 

In reaction (i) the presence of the compound NaO is assumed. This may 
be produced by the following processes : 

Na + O + M — >Na() + M 

Na + { >3 — + ( )., 

In reaction (3) M is the third body which carries away 
and momentum. 

It may also be mentioned that Penndorf has sought to explain both the 
night emission and the twilight flash by a process in which NaaO is produced 
through the presence of ) in the upper atmosphere (Penndorf, 1950). 
The region of emission is assumed to be 90 to 105 km. 

Bates and Nicolet (1950) have made a close examination of the various 
processes that have so far been suggested and have come to the conclusion 
that for any of these processes to be effective, the effective level of emission 
connot be much above 70 km. 

Now, as already mentioned, the mean height of the emitting layer, 
according to measurements of Barbier and Roach is 250 km. In view of 
the considerable care which these authors have taken in their measurements, 
the result cannot be seriously in error. It, therefore, appears that none of 
the reactions proposed above can be re.sponsible for the D-liue emission. 
Further, it has been shown by Bates (1947) that at heights above 100 km. 
sodium is present only in the ionized state ( )ue is thus forced to the 
conclusion that it is the Na’^ions (and not neutral sodium atoms) that take 
part in the emission mechanism. 

This conclusion raises the following problems regarding the D-line 
emission. 

-ii) What is the most likely process of neutralization of the Nations by 
which the Na atom produced is excited to the 2p level ? 

(tt) What is the concentration of the Na^^ions necessary in order that 
thfe radiation may have the observed intensity, namely, that corresponding 
to 8 X 10^ transitions per cm® column ? How far is this concentratioq 
compatible with the observed ionization density in the F-region ? 


••• (.3) 

... (4) 

tlie excess c)f energy 
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(Hi) Is the initial concentfcttion of Na'^sufficiently high to maintain the 
intensity of radiation throughout the dark hours of night with very little 
decrease as observed ? 

Let us discuss these problems as far as possible with the available data 
and with the contemporary knowledge of the physical state of the upper 
atmosphere. 

Emission processes (with Nations)- — In view of the height of emission 
being 250 km., the region of emission may be identified with the F — layer of the 
ionosphere. This region contains N2 molecules and f) atoms, positive ions N2 
and O^, negative ion 0 ~ and electrons. It also contains possibly N atoms. 

We first consider the process of radiative electronic recombination, 

Na'^+c — ^Na*+liv ... (5) 

The resulting sodium atom may be in the ground state or in any one of 
the excited states from which transitions may occur to the ground state 
(directly or in successive steps). Apparently, in this process lines of sodium 
other than ^58^3 would also be present. The presence of these lines has 
hot yet been established, although detection of ^3303 has been reported by 
some workes. 

We next consider the mutual neutralization of O” and Na"*", 

Na'^ -f 0~ — ^Na(2^) + U ... (6) 

The process may be expected to have a high probability when the resonance 
condition is satisfied, i.e., when the energy released on neutralization is taken 
up wholly as energy of excitation of the reaction products. Since the ioniza- 
tion potential of sodium is 5.1 eV and the electron affinity of oxygen is 3.0 
eV (Vier and Mayer, 1944), the energy released on neutralization is 5.1— 3.0 
= 2.1 eV. Since this is also the energy of excitation of the sodium atom to 
the 2p — state there is energy balance. Hence the mutual neutralization of 
Na'*' and 0 “ ions may be regarded as a very likely process for the emission 
of the D'lines. 

Calculation of Nations necessary . — We now calculate the nximber 
density of Na^^ious necessary to produce the observed intensity of radiation 
by the neutralization processes (5) and (6). 

Let us consider first process (5). We assume that the height distribution 
of elecrons follows a parabolic law iti the region of maximnm number density 
(as in a Chapman layer) . The distribution of Na‘'‘ions is not known with 
any certainty. It may decrease exponentially following the decrease of 
atomspheric density, or there may be region of maximum concentration as 
in ionospheric layer formation. However, to simplify the calculation, we 
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will asstime a constant concentration with height for the Na‘'ions. We 
shall presently see that so far as (jualitativc result is concerned, this 
assumption does not lead to any erroneous conclusions. 

With the above assumptions the iiumbei of transitions per cm' at height 
h is given by 

cxh'*'); , f //) 

where a is the coefficient of recoiitbuiali 311 and h' and »,.(/?) are the number 
densities of sodium ions and electrons respectively at the height concerned. 
Bates (1947) has given a value 2 x lo'*'-* cm* per second for the total 
recombination coefficient i.e., for electrons captured in the gi'ound state or 
in any of the possible excited states. But the electrons captured in (he 
ground state or in any of the /’-states, other than the 2/>-states, will not 
contribute to the D-lines. Hence the value of the recombination coefficient 
for only the states that are of interest to us will be somewhat lower. We 
assume this value to be i x 10“'" cm'* per second. 

Since we have assumed that the variation of electron concentration with 
height follows a parabolic law, we may wiilc 

/i® ^ 

where (o) = number density of electrons in the region of maximum ioniza- 
tion = 5 X lo"* per cm'*. 

H =scalc height in the F-region at iiight = 5o km. 

We assume that the bulk of the electrons in the parabolic layer lies 
within the heights ± 2H, above and below the level of maximum concentration 
Hence, since the number of transitions per cm* per sec. at height h is 
we obtain by integrating over the whole layer the number of 
transitions per sec. per cm® column, 

Ji-Jlj., )dh 

= (o) X S//. 

Since this must be equal to the observed number of transitions, narinely, 
8 X 10^ per sec. per cni^ column we have for the concentration of Na'*’ ions, 

8x10 ’; X 3 
ax n r(o) X SH 

— 1.2 X per cm’*. 

But this concentration is improbably high because the electrons produced by 
the ionization would raise the concentration of electrons also to the .same 
order* We know, however, from radio measurements that the maximum 
concentration of electrons in the F -region is of the order lo to lo per cm . 

4— T77P8 — g. 


n ^(h ) = « I 
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Calculations, exactly similar to the above, may also be carried out for 
process (6). The coefficient for the process may be assumed to be of the 
order lo”^ cm® per sec. (Mitra, 1947)- Since the number density of 0 “ ions 
(during night time) is 2x10" times the electron density, the average con- 
centration of Na"*" ions is 6 x 10“ j^er cm*. This value of the concentration 
of Na'*' ions is obviously more acceptable than the one deduced above by the 
process (5). The total number of ions within the layer of thickness 4H is 
then 1.2 X lo'* ions per cnr column. 

Thus we arrive at the conclusion that the number density of Na ‘ ions 
in the F-region must be at least of the order 6 x 10* per cm®, in order that 
the observed intensity of the D-lines in the night air-glow may be 
produced. This number constitutes about lo”® of the total number of atmos- 
pheric particles in the region concerned. 

IntensHy variation throughout the night . — The intensity 
of the D-lines has been found to remain fairly constant throughout 
the dark hours of the night. Hence, if there be no means of 
replenishing the ions lost by neutralization, the initial number of ions 

has to be so high tli.it the number lost during the dark hours is but a small 
fraction of the initial number. Now, the total number of transitions 2)cr 
cm® column throughout the night ^say, 8 hrs.) is of the order 2.5x10’®. 
But, the number of Na* ions per cm® column as deduced above is only 
1.2 X 10’®. This number is obviously quite inadequate to maintain the 
required constancy of the radiation intensity. One is thus forced to assume 
that some process of re-ionization of the neutralized Na-atoms must be 
operative during the dark hours of the night. Such a process may be impact 
of particles of some sort incident on the atmosphere from outer space. 


C O N C ly U T) 1 N O R K l\r A R K vS 

In the light of the discussions given above, we may now draw the 
following conclusions regarding the distribution of sodium in the upper 
atmosphere, and also on the possible processes of emission of the D-lines. 

It appears that sodium is concentrated in two layers : one in the 35 to 
6s km. region, and the other in the F-region of the ionosphere. The former 
consists of neutral sodium atoms and the latter of ionized atoms (ionized 
by solar ultra-violet radiation) . Alternatively, we may imagine that sodium 
in the upper atmosphere spreads from a height of 35 km to the F-region of 
the ionosphere. At lower altitudes sodium exists in the neutral state. The 
percentage of ionized sodium atoms increases with height and at altitudes 
above 100 km. all the sodium atoms are ionized. 

The twilight flash of the D-lines is due to resonance excitation of neutral 
Na atoms by solar radiation A.5893. 
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ilie D-liues lu the night air-glow arc emitted in tlie process of 
neutralization of Na ions in the h'-layer of the ionosphere. Oi the two 
possible piocesses of neutralization — radiative recombination with election 
and mutual ueutiahzation with () ion — the latter appears to be the more 
likely process. Thus 

N a * + < ) “ ► X a ( 2 />) -i ( ) . 

The observed intensity of the nocturnal lines leads to the conclusion that 
the average density of Na"^ ions in the F-region is of the order axin'* per 
cm , constituting about lo ’ of tlie ttiial number of aiinosphcric particles 
in the region. In the region of eniission of the twilight flash the concen- 
tration is much less (by several orders). It is clear that the sodium dislii- 
bution in the atmosphere does not follow the general exponential distribution 
law of the atmospheric particles. 

The concentration of 6 x ro^ Xa‘ ions per cm“ as given above is suffi- 
cient to produce the required rate of emission initially, lint, it is totally 
inadequate to maintain the same '.with only a small decrease in the rate) 
throughout the dark hours of the night. There must, therefore, be some 
inoce.ss by which the neutral Na atoms, produced are constantly re-ionized 
during the night. Such night time re-ionization may be imagined to be 
produced by impact of extra-teiresti ial particles. These i>articles may also 
contribute partly to the D-line emission by exciting the neutralized Na atoms 
to the 2/>-states. 

Aiternalively , one may imagine that sodium atoms arc entering the 
upper atmospheric 1 egions from inter stellar sx^ace and are being excited by 
collision v/ilh almosriheiic particles. This lat ter hy[)othesis has the advan- 
tage that it can cxfilain the high concentration of sodium diigh in relation 
to that exiiected from the exponential law) in the 250 km. region. 

A C K N 1 ) W L, 1-; 1 > < i M 1 *; N T 
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ON A DISSOCIATION SCHEME FOR THE 
SPECTRUM OF CO+ ^ 

By PRABHAT K. vSHN (UiPTA 

{Received for piibliiatiou. May 3. 195') 

ABSTRACT. A dissociation schenie has been proposed fc^r tlie spcctnnn of CO"*" and 

correlated with the conveigence limits of the known speclt oscopu- states. I'or the energy 

of dissociation of the values 5.58 and 7.92 volts have been considered likely according 
as the products of dissociatiotJ are i^P) + <)(•’*/’) and CCf’) 4 - < respectividy. 

In a recent paper the author (Sen Gupta, 1051 ) has .shown that the 
use of the value DiC())=a.i>7 volts explains satisfactorily the predissociation 
effects in the spectrum of Ct) and the results of the experiments on the 

sublimation of graphite- As the energy of dissociation of CO Ms closely 

interrelated with that of CO, an attempt is made here to find out whether a 

dissociation scheme with the assignment of 7J(LO) ~ is.by \olls is able to 

account for the observed effects in the spectrum of CO . 

For CO"^, three band systems are known, viz. 

First negative : B A' '5’ 

Comet tail : - 1 ^ A 

Baldet-Johnson : B *2^ — > A 'H 
The data so far available are given in the following Table- 

Tahi-K I 


(Sponer, iy 35 I Biskamp, 1933) 




Vibrational levels observed 

Kxtrapolated convergence limits 


Energy height 
above ground 
state in volts 



. 

— 

State 

Number 

Knergy height 
above v^o 
in volts 

above v — ooi 
state, 
in volts 

Above ground 
state, 
in volts 


1 

v = i3 
(t^ = 33 ) 

3.21 

(6-90) 

9.90 

9.90 

A »n 

2-53 

V = 14 

2.50 

00 

t 

'- 7-33 

B 

5.66 

V^jo 

1.80 

3-70 

9-36 




Comuiauicated by Prof. M- N. Saha, D.Sc., F.R.S- 
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The location of the convergence limit of the ground state X is most 
important, but it will be seen that only a few vibrational levels have been 
observed. Biskanip’s (1933) linear extrapolation, yielding 9.9 volts for this 
limit covers an unknown region of about two-thirds of this value and can 
be regarded only as an upper limit for the energy of dissociation. Other 
investigators (Biskaiiip, 1933 ; Asundi and Samuel, 1937 ; Asundi, 1943 ; 
f»aydon and Penney, 1945) have made use of the extrapolated value 9.9 in 
their discussions, but it is felt that the extrapolation is too long for this 
value to be reliable. For molecules of this type Gaydon (1946) has given 
some exam])les showing that the Birge-Sponer extrapolation is about 20% high 
when the extrapolation is long. Allowing for this error, the convergence 
limit of the X state would be expected to lie at about g.g — 1.98 = 7.92 
volts. Asundi (1943), by observing perturbations in '^ = 7 level of the 
B state, followed the viluational levels of the X state up to 1^ = 33 
corresponding to 55082 cm~^ (6.90 volts), which may be taken as a lower 
limil for the position of convergence of the X “S' slate. 

For the states .1 'll and B ' , the ranges of extrapolation are compara- 
tively shorter and consequently uncertainties lesser. 

II 

For CO*, two dissociation inocc.sses may be considered : 

COMX “:S^)+J 9 i(C 0 +) = C+(“P) + 0 (’P) ... ... I'l) 

coHx '■‘'s,-^)+DJc(r)=c{''P)+o^{^S) ... ... (2) 

in which Di and Da represent the respective energies of dissociation. I,et 
/(Cl, J( 0 ) and /(CO) denote the the first ionization potentials C, O and CO 
respectively. Then the interrelations of these quantities are obtained from 
the following expressions : 

COMX “S* + D,(CO^) = C'[-P) + 0(“P) 

C-(“/^) = Cl’P) + /(C) 

CfP) + O(-'P) = CO(X ’ 2 ") + D(CO) 

CO(X ‘ 2 ^ + /(CO) = CO^ (X “ 2 *) 

Therefore, 

Di(COM = /{C) + D(CO)'-J(CO) ... ... (3) 

Similarly, Da(CO^) = /(O) + D(CO)— /(CO ... ... (4) 

The known spectroscopic values of the quantities in the above expres- 
sions are : 

liC) — 11.26 volts 

/(O) = 13.60 volts 

D(CO) = 8.87 ,, (Sen Gupta, .1951) 

I(CO) = 14-55 >’ (Anand, 194a) 
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Dissociation Scheme for Spectrum of CO^ 


Substituting: these values in and {4) we get. 


D^iCO'^} = c;.c;S volts 

D,iCir] - 7.92 


Asundi and Samuel (1937) also considered the possil)ility of the processes 
(i) and (2) given, l>iit they have a different dissociation sclieine. 

TL he limits arising out of the diflorent coinhinai ions of the products of 
dissociation may now be calculated with the aid of (5) and (6) and the 
atomic term diflFercnces 'P^^D^T.26 volts bir carbon and r*g6 volts for 
oxygen. The results are given in Table II. 


Tap>i.k it 


Products of dissociation 

(''alculated limits. 

Ohscrvcil liniils ! 

1 

! State 


volCs 

volts 

1 


C-*-(»P) + 0(3p) 

5-5S 

— 

— 

C+(2P) + OOD) 

7 54 

—'7*33 

/I *n (?) 

C(*P) 4- 

9> 

I (7-«^2) 

1 .V ■''j-*- 

C(iD) + 

<). 1 8 


1 /, 15 + 

1 


In the last two colunins the expei inuntal results have been reproduced 
from Table I, but, for the state, the estimated value 7.92 volts, has 

been shown instead of the extrapolated value 9 o volts, as already dis- 

cussed. The effect corresponding to 5.5^^ volts does not appear to liav^e 
been observed so far. Tluis within the limits of error in extrapolation tlie 
agreement between the calculate<l and the observed limits ai)[iears to be 
fairly satisfactory. 

Gaydon and Penney (1945^ have indicated the extrapolated limit of the 
A state to be at 9.2 voltes, that is, almost at the same height as that of 
the B stale. If this value is accepted, it would mean that the effects 
expected at 5.58 and 7.54 volts are missing. ^>uch a contingency is not 
unlikely, if we consider that the vibratitmal levels of the A H and B ^ 

states have not been observed in emission beyond i»==i4 and t; = io respec- 
tively. The unobserved limits lie in the vicinity of the energy heights 

of these vibrational levels and suggest the possibility of the existence of 
repulsive states. 
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ON UNIFIED THEORIES OF THERMAL AND SHOT NOISE* 


Bv S. DKB 

(Received fo} publication, June iS, ig^i) 

ABSTRACT. The paper presents an outline of the principal ehaiactet istics of the 
thermal and the shot types of noise (in circuits and in valves lespectivelv) and examines 
the similar features of the two phenomena The unified thc.)r!e‘i of the two t^p(*s (»f 
noises proposed recently by Campbell and Francis, and by I'urth aic reviewed and discussed 
critically. The phenomenon of .space charge reduction of noise has lH*en ex[)lained from a 
new statistical standpoint. It is shewn that although the two t>pes of noi.ses o^^e their 
origin to the same basic phenomenon, they differ in one essential respect, vii the presem e 
of thermal equilibrium in the one (thennall and its absence in the other (shot) It is 
concluded that thermal noise can be looked upon as a special case of shi t noise v\lien 
thermal equilibrium exists As such, the unified Ihermo-dynatnical theory of i urtli 
becomes unacceptable. 


INTRODUCTION 


The possibility of existence of spontaneous fluctuations of current in a 
conductor was first suggested by Einstein (igo6!. I'.instein showed that 
the nieau-square-charge crossing any cross-section of a conductor (of 
resistance R) in thermal equilibrium, over a finite time inieival r is 

given by 


Q" 



(i.i) 


Nyquisl 1 1928) showed that the mean-square fluctuation voltage appearing 
at the output of a network over the entire frequency range would be 


30 



provided classical law of equipartitioii holds. In 

impedence of the circuit over the frequency radge / to / + d/. If /l-l 
then over the range f to f + df 


^i.3f 


de^ = 4Kkrdf 

The possibiiity of the existence of a simhar type of flnctuauons 

suggested by Sebottky (1918). Schottky gave 


as obtained in a valve was 


* Comninnicated by Prof. S. K. Mitra. 
5- I778P— 8 
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the following expression for the ineau-square-fluctuation current over the 
frequency range / to Z + d/ associated with a diode valve carrying a current 
i, under temperature-limited condition. 


di^ = 2ei,df ••• (1.4) 

where e is the electronic charge. (This relation holds for retarding fields 
as well. F'or space-charge-liniited condition (1.4' has to be multiplied by a 
factor T® which is much less than unity). 

From the very beginning, thermal noise and shot noise have been 
looked upon as two distinct phenomena owing their origin to entirely 
different ijhysical causes. The former was assumed to be due to the thermal 
agitational motion of electrons and the latter to the granular nature of 
electrical carriers, viz. the electrons. Only recently it has been recognised 
that the two tyi)es of noise are only two different aspects of the same basic- 
jihenomenon. This is understood if one remembers that the existence of 
random thermal agitation of electrons in a resistance is only possible because 
the electrons are granular. Also, electrons emitted by heating are tlie 
thermal electrons and not the Fermi electrons. As such, any observed 
fluctuation in emission is entirely due to this fact. Starting with these 
premises, attempts have been made in recent years to develop a unified 
theory which embraces both the types of noises. Campbell and Francis 
11946) have given such a theory based on statistical reasonings. Fiirth (1948) 
has given another based on thermodynamic reasonings. It is the purpose 
of this paper to critically review these two theories and to show that a better 
approach to the problem is made if thermal noise is looked upon as a special 
case of shot noise as encountered in a valve. 

S I .M I 1, A R I T I K vS IN vS H C) T AND T H R R M A I., N O I S K 

The first suggestion of a possible identity of shot and thermal noise 
arose out of the phenomenon of space-charge-reductioii of noise. It was 
argued that a valve carrying space-charge-hmited current differs from one 
carrying a temperature-limited current only in having a differential 
resistance Ra. The reduction effect was, tlieiefore, sought to be explained 
in terms of thermal noise in Ra- But this attempt was unsuccessful. A 
striking correspondence was, however, established by Williams (1936) under 
retarding field condition. The expression for valve current under retarding 
field condition is given by 




On Unified Theories of Thermal and Shot Noise 


393 


and R„^(A}L 

V 

Hence, — , . , 

dt^ = 2iedf=2R„kT,df 

= 4RakiTrf2}df ... (2.l) 

Relation (2.1) shows that a valve, under condition of retardiiiR field, 
behaves as an ordinary resistance R„ at half the cathode temperature’ 
North (1940) has given a more general expression for valve noise. According 
to him the mean-square-fluctuation-current in a valve is always expressible 
in the form, 

di'^^/^RakT ,edf (2.2) 

where, 6 has a value J under retairding field condition and approximately 
0.644 tinder space-chaige-litnited condition. The value of ^ changes lapidly, 
increasing without limit, as the condition of .saturation is approached- 
North was also able to show that Nyquist’s formula ‘■1.2) holds fora valve 
in thermal equilibrium, 

U N I F 1 R D 'J' H F O R I K S : C A M T li I? h I, AND FRANCIS 



(a) Campbell and Francis’s treatment : 

The method is based upon two theorems, the ‘mean’ and the 'mean- 
sejuare’ theorems which are collectively known as Campbell’s theorems’. 
These theorems are helpful in calculating the effect of random-fluctuation- 
noise in any electrical device having a linear response characteristic and 
may be explained as follows ; 

Let us observe any random process-thermionic emission, for example, 
and divide the time preceding the instant of observation into a large number 
of intervals r. Suppose a is the average number of particles emitted per 
unit time. Then v=ar may be looked upon as the probability of emission 
of a particular particle within a selected time interval. Suppose now that 
we observe the effect of these random events in a device whose response 
is linear. If the instantaneous effects observed in the device due to all the 
random events occurring within a time i prior to the instant of observation 
be S(t), then Campbell’s theorems state; In the liimit xehenT-*o and 
Poisson’s distribution law for the events of lore prohabilHics holds, the 
mean~ effect observed in the network will be given by 

<X> 

y = a J Sit) dt ^ 3 - 1 ) 

o 

and the mean^squay e-effect by 

cc 

fy — y)* =a J [Sff)]®d< = a 5 (say) ' (3*2) 

o 

where 5 is the value of the integral on the left hand side. 
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The value of be calculated by the method of Fourier 

integrals. Campbell and Francis have shewn that if the elementary events 
giving rise to the fluctuations are a series of current impulses of strength 
Xo^, then 

(y-yy =- f X„V^[^0o>)]*da> ... (3.3) 

TT •/ 

o 

where Xo = height of the impulses, 
r = duration of the impulses 

and = frequency response of the network in which the noise is being 

observed. 

Hq. (3.3) can now be applied to deduce expressions for the mean-square- 
fluctuation-noise, of both the types — shot noise in valves fSchottky’s equation) 
and thermal noise in resistive circuits (Nyquist’s equation). 

ib) Shot noise 

For the shot noise three cases may be distinguished : 

(t) When the valve carries temperature-limited current, ^iii when it 
carries space-charge-limited current and (iii) when the valve is under a 
retarding field- 

Of these, Campbell and Francis have discussed fully only the first one. 
The second and the third cases were not fully discussed by them because 
their theorems are not applicable to non-linear device. We give below 
discussions of all the three cases. The first as developed by Campbell and 
Francis and second and third as developed by the author of this paper. 

Case (i). Valve carrying temperature-limited cuirent. — Schottky’s equation 

for noise in temperature-limited current in a valve can be easily derived 
from ^3.3) by the general method suggested by Campbell and Francis. 

Let us consider the case when the noise is observed directly in the 
plate circuit of the valve. If the mean square-fluctuation in current is 
observed then 

lyiw'J ... (3.4) 

where Ybo) = transfer admittance of the network over uj to M + dto. 

The elementary events giving rise to shot noise is the passage of a charge 
€ over a small interval of time r during which a small current ir flows. 

Thus 

A'o = fr and Xor — ... (3.5) 

and from (3.3), (3.4) and (3.5) 

(y—yj* = = 3 L— J du> ... (3.6; 

o 

If observations are restricted over a frequency range / to / -»- d/, then 
because average rate of flow of charge 
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di^ = iah^df=2v,edf 

This is identical with the expression given by Schottky. 

Ccis 0 (ii)‘ Vulvc cutryin^ space-charf'e-limited current . — This case has 
not been fully discussed by Campbell and Francis astheir equation holds 
only for linear device and the caracteristic of a valve under space- 
charge-liinited condition is not linear. However, if one takes into considera- 
tion the portion of the curve which is linear, one may arrive at an expression 
for shot noise as reduced by space-charge effects. 

We note that fluctuation voltages are usually very small and for such 
small ranges of values the characteristics may be taken approximately as 
linear. Further, under many practical conditions of operation of diode 
and triode valves reasonably accurate results are obtaineil by assuming them 
to behave as linear device and in these cases too, space-charge-reduced noise 
equation holds. It is likely that in these cases at least individual events 
separated by infinitesimal time interval would add up linearly. We can 
therefore, treat the valve an approximately linear device and try to get some 
qualitative interpretation of space-charge-rcduction of noise. In figure i, has 


Fig. t 

been shown a voltage distribution curve foi a valve carrying space-charge- 
liniited current. Here the passage of an electron from cathode to anode can be 
considered under two parts : 

•T; A part in which the journey is performed in a retarding 
field between the cathode and the negative potential dip Em- Due to this 
the current in the plate circuit will be as shewn in figure. 2 (a). 



nn ■ 


(o) 


(b) 

Fig. 2 


(c) 



396 


S. Deh 


(II) A part in which the journey is performed in an accelerating field 
between Em and the anode. The corresponding current in the circuit will also 
be of the form shewn in figure. 2 (a) . The combination of these twro current 
component can be looked upon as a pair of impulses as shewn in figure. 2 (b). 
Since each of these pulses depicts the transit of an electron over only 
a part of the distance between the cathode and the anode, the strength of 
these impulses Xqt will now be less than e. If we write it as Te (F « i), 
then it follows from fs-s), (3.5) and ^3-6) that 

di^= 2*!iT^df (r® « 1) 

As regards those electrons which fail to cross the potential dip and 
return to the cathode it may be observed that they give rise to doublet 
impulses of the type shown in figure, 2(c). It may be shewn that so long 
as the frequencies are low enough to make the transit angle small, contribution 
due to these impulses will be negligible. 

If the two pulses are of equal strength then 25 which is of the 

order of the value as obtained experimentally. Value of T would depend 
on the potential distribution, geometry of the valve and the energy distribu- 
tion of the electrons. 

It should be noted that a clear resolution between the two pulses, as 
shewn in figure 2 (6), is possible only under condition of complete space- 
charge-limitation. In the geneial case there may be overlapping of the two 
to some extent. 

(Hi) Valve under retarding field condition . — This case has also not been 
considered by Campbell and Francis on account of lack of linearity. 
However, the above considerations may also be applied to provide a simple 
explanation of the nature of noise equation for a valve under retarding field. 
For this case the potential decreases monotonously from cathode to 
anode. The passage of an electron to the anode would, therefore, be represen- 
ted by an impulse of the type shewn in figure 2 (a), but having a much 
greater strength. Since this pulse depicts the passage of one electron from 
cathode to anode the strength would again be I'hus it is obvious that 
Schottky’s relation should hold for this region. 

ib) Thermal Noise. 

Nyquist’s equation (eqn. 1.2) for thermal noise has also been deduced by 
Campbell and Francis from (3.3). The method of deduction, however, does 
not make it evident that the condition of thermal equilibrium is essential. 
Ihe follow’ing slightly modified deduction by the author is believed to make 
this clear in a simple manner. 

X/Ct us imagine that the source of thermal noise is composed of a large 
number of constant current generators in series such that the k th generator 
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gives rise to a current pulse i, lasting over a time r. and that these are 
uncorrelated with respect to time. Thus 

and 

00 

6'* = r*- ... 

0 

From (3.2) 

OC 

h’~y)' J [-(it,, ... ( 3 . 0 ) 

0 

feuppose now that 11 c network whose noise is l)cin^ ohsurvccl is a circuit 
whose transfer impedance is / (oj), then 


2 ^ m) 

Thus the niean-square-voltage-fluctuation is ftiven !)y 

OD 

^kik~ y* [Z(o>) J ‘dw ... (^3- 10) 

0 

Here a deviation will be made from Cami)beil and Francis treatment and the 
value of kik^T ic" will be calculated by applying equation (i.n which holds 
only for a resistor in thermal equilibrium. This would make the calculation 
more simple and straightforward. Wc note that 

1 jfcr*. == charge conveyed in a single event in the kth generator 

and — square-charge conveyed in a single event in the kth genera- 
tor and = iiiean-square-'Charge conveyed by all the generators 

over a time r. 

Hence 

^ trom (r.i) ... (3.11) 

r K 

Thus we get from ^3.10) 

e '^ :=rr ^^-2 f | Z ( U> ) } ‘ d OJ 
TT R 

which is identical with (1.2) 

U N I F I K D T II KORY: F U R T H 

Furth has given a unified theory from thermodynamical reasonings. 
The main advantage of this treatment, as compared to that of Campbell and 
FVancis, is that it deals with macroscopic quantities only and in the final 
expression for noise only such quantities appear. However, Fiirth had 
anticipated several objections against the application of thermodynamic 
reasonings to conditions as exist in a valve and had tried to answer then?. 
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But, -as shown in the discussion, the objections have not been fully met with. 
To understand these discussions the arguments that have been advanced 
against the thermodynamical treatment and Fiirth’s answers to them are 
given below. 

(ai Whereas, shot noise is associated with the flow of an average 
current i,, thermal noise exists even in its absence. 

16 j There is no temperature equilibrium in the case of a valve and the 
velocity distribution law is essentially asymmetrical. 

(c) The external circuit is at different temperature from that of a 
valve. 

Fiirth’s answers to these objections are as follows : 

(a) I'hennal noise in a conductor remains unaltered even when a non- 
vanishing steady current is flowing. Also shot noise exists even when no 
mean current flows. Now, consider the circuit shown in figure 3 (a) in 



(a) 


Fig. 3 




which the two valves are exactly similar. In this case no mean current 
flows through the galvanometer G. Yet this will certainly register 
independent shot fluctuations due to the two halves, ACDEA and BCDFB. 

(6; Figures 3 'a) and 3 (h) are equivalent and Fiirth contends that the 
two symmetrically placed emitting electrodes would render the velocity 
distribution law symmetrical. 


(c) As long as arl’ << ^ T, thermal fluctuations in the external 

<tt 

circuit would remain small enough to be negligible and in such a case the third 
point of objection can be waived, 

Fiirth then assumes that the noise currents are produced by an irregular 
'^^Bage fluctuation. originating in the inter-eleclrode space and another 

similar quantity SF* originating in the surface layer of the cathode. On this 
basis the mean square-fluctuation current for the double-cathode valve shewn 
in figure 3 (6) is found to be 
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where 


'■ ( )i. ■ ■*' ( «i. 


bar indicating the average values. Fiirth then proceeds with the argument 
that the fluctuations observed across 2r due to the double-cathode valve 
should be just twice that due to a single similar cathode in an asymmetric 
case. Thus for a single-cathode valve 


8i® = 2fer 


This expression has been used by Ffirth to obtain expression for noise of a 
valve carrying d) temperature-limited current, di) siiace-charge-limited 
current and (itt) retarding field current. 


DISCUS vS IONS 

{A) Campbell and Francis’ theory . — The success of the treatment of 
Campbell and Francis in explainingr the different tyi)es of noise proves 
conclusively the basic identity between valve and circuit noise. Its treat- 
ment of both the phenomena is based on statistical leasonings and, as 
such, helps to bring out clearly the fact that noise is of microscopic origin. 
The method of mathematical treatment* though a little involved, is quite 
elegant. Perhaps the only drawback of the treatment is that it is not 
applicable to a non-linear device. But, as shown by the author 
this is not an insuperable difficulty. Subject to certain approximations 
one can extend the treatment to the case of a non-linear device, like a valve 
under condition of space-charge-liraitation. This extension, incidentally, 
leads to an interpretation of the phenomenon of space-charge-reduction of 
noise, from a new angle, which, though qualitative, is more convincing and 
straightforward than the earlier theories. For example, the earlier theories 
sought to attribute the reduction to the increase in the magnitude of off- 
cathode potential dip with the increase in space-current-density. Bu , 

this would mean that the chance of an electron at any instant, being thrown 

into the inter-electrode space and passed to the anode, depends on the s^ce- 

enrrent-density and hence on the electrons emitted at the preceding instants, 

^hTi. on sLe amount of correlation in the 

a. -^es u.et ae is Well kuown, this IS not true for space cnaige 

rSucirrnoise. ’ This difficulty is not encountered in the interpretation 

of the authtm. mentioned earlier the ohiections that have 

been riis^ a^Lst rrih-s theory are not fully met by the argumen s 
^Zneed by hL. In what follows we will first discuss the several defecU 

6-— 1778P— 8. 
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in Furth’s arguments, as pointed out by McDonald (1948) and as also are 
apparent according to the author of this paper. It will then be shown 
that ' the ultimate ground of all these objections against Furth’s theory is the 
lack of thermal equilibrium in a valve. 

According to McDonald, the magnitude of the fluctuation current 
remains unaflectcd by the flow of a non-vanishing steady current in a 
metallic conductor only so long as the drift velocity thus produced 
is compaiatively small — a condition which is wanting in a valve. 
h>en in a metallic conductor, substantial deviation is likely to occur 
when the inean-free-path becomes very large. Again, the particular 
circuit arrangement in figure ^ib), proposed by Fiirth (to show that the flow 
of a mean current is not necessary for the production of valve noise) is open 
to criticism because, although the detecting galvanometer G does not carry 
any mean current, the valves, which are the primary seats of noise, do in 
fact, carry mean currents. McDonald also points out that thermodynamical 
reasoning cannot be applied to the double-cathode valve of figure ^(b), because 
the two electron-streams inside this valve would present a symmetrical 
velocity-distribution only in the absence of the intervening grid. In the 
presence of this grid they are simply two asymmetrical beams inside a common 
enclosure. 

Apart from the objections of McDonald, as discussed above, a close scruti- 
ny shows that the theory has other serious difficulties. For example, one 
finds it difficult to agree with the suggestion that the total noise appearing 
across 2r in figure 3^6) would be just twice that of a single valve in the 
asymmetrical case. This is because an electron, w'hich succeeds in penetrating 
the space-charge barrier in front of a cathode and is not captured by the 
grid, would introduce a partition type of noise which is absent in an 
ordinary diode. Further, it is not clear how the presence of the battery could 
be ignored in figure 3 (b). 

All these objections, how'ever, are essentially inter-connected and arise 
out of the one and the same factor, viz. the presence or the absence of 
thermal equilibrium. To show' this we will analyse the objections to Fiirth ’s 
arguments discussed above. 

According to McDonald, the flow of mean-current is a differentiating 
factor between shot and thermal noise. Now, a valve is in effect a combina- 
tion of an electronic switch and a resistance Ra in series. The current i, 
is brought about in the process of the switching-on operation. Here the 
noise and the mean-current are two inevitable companions but are not 
inherently interdependent. It may also be noted that Schottky’s expression 
gives the noise in a valve correctly, even if no mean current is flowing in 
the valve. This would remain valid even if a mean-current flows, provided 
thermal equilibrium is not disturbed. In a valve, however, due to the 
combined influence of large -mean -free- path and accelerating field, the flow 
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of mean-current is brought about tlirough a process which disturbs the 
thermal equilibrium and that is why Nyquist’s treatment is not applicable 
to it. 

Let us next examine closely the arguments that a large ineau-free-path 
would make a difference between the two types of noises. I,et us consider, for 
example, a valve of the type shown in figure 3^6) from which the intervening 
grid has been removed. As will be shewn below, Nyquist’s formula, which 
is applicable to thermal noise, is also applicable to it under certain conditions. 
We assume that the conditions are such that the mean-frec-path of an 
electron is I, the separating distance between the two electrodes. Suppose 
also that the system is in thermal equilibrium. Under this condition 
cathode F will send a current ?„ (say) towards E which again w'ould send 
an identical current towards F . The total noise in the valve would be twice 
the noise associated with these two currents and from .Schottky’s ccpiation, 


8 r = 4*0*? df. 


(5.1) 


If the electrons move through the same distance between two .succes.sive 
collisions and have all the same average thermal agitational velocity V and 
if the collisions are all mutually uncorrelatcd, then fiom siini)le application 
of electron theory the value of the resistance of the system is given by 


ekTi 

tiyle^AV 


(5-2) 


where j'l is the area of the cathodes and w the electronic concentration' within 
the inter-electrode space. 

For the case under consideration A = / and M/I/3 represents the number 
of electrons crossing per unit area of a surface i)aiallel to F and E per 
second. Half of th.is constitutes the number travelling in the same direction. 
Thus, 

nA*^V 


From (5.1) we obtain . ... 

Ra = 4 -^ ••• ( 5 - 3 ) 

lo« 

From (5.1) and (5 3) we get 

8P = 4 - Jf 

i\ a 

which is identical with INyquist's fonnula. It is thus obvious that shot and 
thermal noises would merge with one another only when thermal equilibrium 
exists, irrespective of the question of mcan-frce-i>ath. A large drift velocity 
appears when large mean-free-path and an external voltage exist simul- 
taneously and it affects the situation by rendering the velocity distribution 
asymmetrical i.e., by disturbing the thermal equilibrium. 

It should be noted that relation ^s*3) is not peculiar to the special case 
considered here. Meltzer (1949) has shown in a very simple^ manner, that 
it holds for any resistance in thermal equilibrium, 
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CONCLUDING REMARKS 


It appears that thermal and valve noises have their origin in the same 
basic physical phenomenon, viz., the existence of discrete carriers of 
electricity endowed with irregular agitational motion. This motion may or may 
not be in thermal equilibrium. For the resistor there is thermal equilibrium 
in agitational motion. For the case of the valve this is not so- A resistor and 
a valve differ from one another from the standpoint of noise in so far as 
thermal equilibrium may be assumed to exist in the case of the latter but 
not in the former. Hence one may look upon ordinary thermal 
noise as shot noise for the special case when thermal equilibrium exists and 
a valve may be looked upon as a special type of conductor devoid of thermal 
equilibrium. It, therefoie, appears that the unified thermodynamical theory, 
as postulated by Fiirth for ordinary valves, is improbable. Compared to 
this, the theory proposed by Campbell and Francis is distinctly a better 
approach to the problem. It is the elementary electrons which give rise to 
noise and the fact that our ultimate observations are concerned with macros- 
copic quantities only does not, in any way, affect the position. Hence a 
statistical treatment of the problem is more rigourous and elegant. 
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ON THE APPROXIMATE SOLUTIONS OF MAXWELL’S 
EQUATIONS IN AN INFINITE MEDIUM WITH REGIONS 

OF FINITE CONDUCTIVITY 

By K. V. KRISHNA PRASAD 

{Received for publicatkm, March /5, /951) 

ABSTRACT. The approximate solutiop-s of Maxwell's equations lead to solutions of 
the normal mode type for the propagation of electromagnctir waves imide wave guides. 
1 he failure of such normal mode type solutiens to describe the entire field of a given 
source has been discus.sed. The discussion is restricted to the ca.se of propagation along 
a tube of circular cross-section. 


INTRODUCTION 

The propagation of electioinagnetic waves through a wave guide, with 
walls assumed to be of infinite conductivity, has been discussed in detail in 
recent years by Condon (1942) and Slater (1942;. In a case like this, the 
problem is relatively simple and resolves itself to the solution of the wave 
equation in a finite region bounded by the walls of the wave guide. An 
infinite number of normal mode solutions, which are orthogonal, can be 
easily found and a linear combination of these solutions is the most general 
solution possible. P>en if the conductivity of the walls is large, but not 
infinite, an approximate solution in fair agreement with practical results 
can be easily found by assuming that the above normal mode solutions are 
applicable and that the tangential magnetic field at the boundary is essentially 
unchanged. For a bounded region with discontinuities in the properties 
of the medium however, solutions of the normal mode type can be found 
but they will not be orthogonal. 

In the case of semi conductors and dielectric wave guides, which have 
become important in the last two or three years, the conductivity is small 
and the wave equation has to be solved in an infinite region. For an 
infinite region having zero conductivity, Sommerfeld (1912) has shown in a 
genet al way that solutions of the normal mode type do not exist. Hondros 
and Debye (1910) have shown that for a dielectric wire embedded in another 
dielectric, there can be only a finite number of normal mode solutions. 

The purpose of the present paper is to show that these solutions of the 
normal mode type are not enough to describe the complete field of a given 
source. As an example, the propagation of electromagnetiiC waves along 
a tube of circular cross-section will now be considered. 
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THEORY 


Maxwell’s equations for a homogeneous isotropic medium are : 


V.E = o 
V.H = o 


V ^ E — 



V 


y. H — o-E + « 


?E 

Qt 


f 

I 


(i)* 


where E and H are respectively the electric and magnetic field vectors, cr the 
conductivity^ «, the dielectric constant and/^, the permeability of the medium. 

Using cylindrical coordinates r, z, and confining the discussion to 
sinusoidal fields, the components of the electric and magnetic fields 
resulting from equation (i) are ; 


and 


P — «>««* 

*■ ca0r T dr 

« JL 

• r Qz-de Qr 


£. 




fe 

^ 0j2:9r t/ucor 
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. fe* [ 

ifiio 0T ' 


*' dad® 
fe* + 






where the are related to the ~E and H vectors by the equations : 
E = V V X + iju»»V X ] 


H 




V X ( + V X V X (a, 


fa) 


^3) 


(41 


Here is a unit vector in the z direction and the angular frequency of the 
sinusoidal field appearing in the expression a" which has been omitted 


* The nnits used are the rationaKeed M. K. S. aysteu) of anits. 
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in the above equations for brevity. The scalar functions and must 
individually satisfy the wave equation 

V> + fe*0 = o ... (5) 

where fc'^ = /xeu>* + tpttru> (g) 

k being the usual propagation constant with the convention that the imagin- 
ary ^part of k is always positive. Fields derived from 0''’ and are usually 
referred to as Transverse Magnetic (TM) and Transverse Itlectric (TE) 
weaves respctively. 

Eet the radius of the circular tube be a and let the discussion be 
confined to TM waves having radial symmetry for the s.alce of algebraic 

simplicity. Then the functions 0*'^ and must be of the form : 




A 


J.iKa) ’ 


= o 


(7) 


^3 


(tf) — 







( 8 ) 


where the subscripts 1 and 2 refer to the regions inside r <a and outside 
r> a respectively and h is the progagation factor, /« is the Bessel function 
and is the Hankel function of the first kind. To satisfy the wave 

equation ^5) these solutions satisfy the relations : 


and so. 


A,* + /i®=fe,® and + 

A/ = A,’+(fea=-fe,*) 


... (9) 

... (to) 


The continuity of the tangential components of H at r — a requires that 




where a = A,a and v — X^a 

The pair of equations lio) and >Ti) are satisfied only by certain discrete 
values of the parameters u and v. The physically feasible solutions require 
that the imaginary part of the roots be positive. 

Certain features of equation 1 r i > in some special cases are interesting. 
When the conductivities of both the media inside as well as outside the 
cylinder are zero, so that fei and are both real, it can be easily shown 
that there are no proper roots if fei < ^3 and only a limited number of 
proper roots — roughly a-v'fei'* — if fe, > fea T-his result agrees with 

that of Hondros and Debye (iQto). But when one or both of the con- 
ductivities <r, or 0-8 are finite, the k s are no longer real, and the problem 
becomes a little complicated. To consider a typical case, let the medium 
outside the cylinder be a metal so that fea is very large. Then for the 
lower order modes it is easily seen that has a positive imaginary 
pgtrt as required. But when n is suflficiently large, the imaginary part 
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of Vn may or may not be positive. To ascertain this, consider the following 
relations which hold good when n is large : 

C (12) 

feaVi/SfeiVa 1 ) 

Then Vn should be of the form : 

Vn= — i (kg^ — ki^) +f(Un~^) . (13) 

■W w 

where * =» ± i 

Using Hankel’s asymptotic expressions for the Bessel functions valid 


for terms of order , — i, the following relations are obtained for the higher 

I u„ I 

order roots of equation fii) : 


Una*^ — (n—^)ir — tan 
and. 


8a-n + 


V tAn ' 



^ . 3 /^ 2 ^ I I fea 

Snm 


(14) 


+ — (fe,*-fea*) + /(n“S*) 

2 nn 


(15) 


The second term on the right hand side of equation (15) determines uniquely 
whether the imaginary part of V „ is positive or not. Since the imaginary 
part of tan~*^ has the same sign as the imaginary part of 6 and since 
it follows that 


- 


o*iCra ^ 


Thus the imaginary part ot Vn will be negative instead of positive, as required. 
For the case of a perfect dielectric., inside a metal o-^ will be zero and 
0-2 will be very large so that equation (15) becomes : * 


\ 2 o*a <^2 j OKm \ 

^M2«2— /*1«1 + 




awn- y 

The imaginary part of F« will then be positive only if 


^16) 


(17) 

2 fru>Bi €2 

Since the conductivity occurs in the third power, the number of permissible 
normal mode solutions will be very large for metallic wave guides, where 
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as, for dieletric wave guides, the nutuber will he very small. In fact in the 
limiting case of zeio conductivity there will be no solutions of the normal 
inode type. Hven in case of metallic wavx* guides, since there are only a 
/mite number, though large, of noinial mode solutions they cannot form a 
complete set or represent the complete field of a given source. The additional 
solutions required to form a complete solution of the problem will probably 
be negligible for all ]>raclical calculations '^)n metallic \\ ave guides but wdl! 
certainly contribute au ap[)reciable part in the case of dielectric wave guides. 

Thus the usual methods of dealing with electromagnetic wave propaga- 
tion in wave guides, leading to solutions just of the normal mode type aie 
not adequate to describe the complete held of a given soiiice. The inadequacy 
is particularly evident in case of dielectric waveguides '1' he problem is 
whether the transition from the case in which there are no normal inode type 
t>f solutions for zero coiiductivdly to that in which tliere exists a complete 
Set of normal mode type of solutions for infinite conduct ix ity occurs abiuplly 
when the conductivity changes from zero to a small but finite value, or in 
steps as the conductivity is gradually increased, or abi upily when the con- 
ductivity changes from a large but finite value to infinity. 

This question wdll be dealt with in detail in another j»aper ilealing with 
an exact solution of the abo\*e problem 

A C K N ( ) \V L R I) IM N T 
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THE. MISSING HEAVY ELEMENTS’^ 


By N. K. SAHA and JAODISH VERMA 

(Received for puhlic^iiort, ftdy ji, 

ABSTRACT. With a view to analysing thte possible cause.'? of (i) absence of natural 
elements having at.oniic number 2 > 92 and (*) non- occurence of i.sotopes of the 
type among the nitural element.s, the kn )*n isotope* of 92 N and of the transuranium 
elements from 93 Np to Cm arc compiled from the recent works of Seaborg and others, 

A plot of the Heisenberg energy surfaces foit the obs rved a-emitting nuclei on a nentron- 
protou diagram reveahs the probable existence of an energe-high in the region of lower 
isot.ipes of N, Np and Pu. Natural extinction of these isotopes by short-life radioactive 
o-decay is, therefore, considered possible. The mean life of spontaneous fission of heavy 
isotopes is also calculated from Turner’s extension of Bohr and Wheeler's theory of 
nuclear fission. The results show that the elements 95 Am and higher would have to?) 
short mean fis.sion life to survive in nature. The higher isotopes of yj Np and 94 Pu 
present difficulties as neither their radioative decay period nor spontaneous fi.ssion life 
seems to be short enough to account for their nou-existcuce. The processes of production 
of these isotopes by the observed nuclear reaction.s in the laboratory are compared with 
the natural processes of formation of heavy elements in the interior of dense stais as 
postniated by WeissHcker, Mayer and Teller and others. It is pointed out that, unlike in 

the laboratory reactions, the heavy elements ai e probably formed in the .stellar proce.sses 

in very high .states of excitation favourable for spontaneous fission and subse(inent neutron 

evaporations from the fission fragments which can lead only to lower i.sotope.s of medium 

heavy elements. Thi.s seems to offer at least a qualitative explanation of the absence of 
heavy isotope.s of Np and Pu in nature, the lower isotopes of which are. as already shown, 
highly unstable again.st radioactive decay. The same reason makes it possible that the 
nuclear reactions which lead to the formation of ( 4 »+i) nuclei in the laboratoiy canno 
take place in the stellar processes on account of serious competition from spontaneous 
fission processes of the highly excited heavy nuclei formed in these processes. 

Natural radioactive elements fall under the three well-known families 
U-Ra. Th and Ac-series. which all begin with a long lived heaY Y’’®"* 
element, pass through comparatively shorf-lived iute^ed, ate products and 
ultimately terminate in a stable end product. « an o' ' 

The heaviest element occurring in the senes is „ , ^ e 

U-Ra-series, having an n-decay mean half-life f -4-5 x to years. ..Pa , 
the parent of the Ac-serles, is geueologvcally connected to a rarer isotope 
of uranium. U>”(r~7.l x i„' years) through an «■- and -dtsmte^attom 
The Th-series originates from ..Th'" itself possessing a mean half-hfe 
~i toxjo” years. The nuclear masses occurring m the three-benes are 

iraUel courses in many respects in their decay processes snd 

•OommanicaledbyProfll.C. Majnmd.r. 
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altogether 42 radioactive nuclei occur under them. There are, however, 
two outstanding features of these nuclei, the significance of which is not yet 
clearly understood, namely, (1) elements with atomic number (Z) higher 
than 92 do not occur, (2) no member of a radioactive series of the type 
(4» + i) occurs among the natural isotopes. Attempts have been made by 
Turner (1945), Feather (1944-46) and others to analyse the possible 
cause of absence of elements higher than Z = 92, as being either very high 
susceptility to spontaneous fission or short-life radioactivity of the absent 
heavy nuclei. Sufficient data regarding radioactive decay of heavy nuclei 
in or near this region did not exist at that time to lead to any definite 
conclusion on the point ; but as pointed out by Feather {loc.cH.), the 
l)Ossibility of spontaneous fission being the cause of extinction of the heavy 
elements beyond uranium seemed to be more or less ruled out. Regarding 
the non-occurrence of the (4n +• i)-radioactive series, it has been argued 
that the elements that could be considered as natural starting points of the 
series are Th®"*®, or Np®®^, and that none of these nuclei are likely 

to form in nature, as the or yS“-disintegrations of the corresponding nuclei 
which would lead to these parent nuclei do not appear to be possible 
(Stephens, 1948). 

The position has changed somewhat since the discovery of the 
transuranium elements 93Np, 94 Pu, 95 Am 96 Cm in the laboratory and 
considerable progress in the studies of their properties. Several isotopes of 
these elements have now been identified by Seaborg and his associates and 
their radioactive properties carefully investigated. The relevant results are 
collected in Table 1 below (Seaborg, 1942 ; 1946). The purpose of this note 
is to review the present position of the problem in the light of these new 
data and to examine the possibility of any further progress in its solution. 

Np 239 and Pu 239 are produced in the non-fission neutron-capture in 
U 238 followed by two successive ) 3 "-disintegrations (McMillan and Abelson, 
1940). The non-fission capture process in U238 shows a resonance effect 
at the neutron energy E„^25 eV (Meitner, Hahn and Strassmann, 1937). 
Pu 239 is a.active having a mean half-life of.-*24,ooo years. The first 
isotope of Np and Pu to be discovered was, however, 238, by the (d,2n) 
process in U 238 followed by a /S “-disintegration of Np®®" with 2 days half- 
life (Seaborg, McMillan, Wahl and Kennedy, 1941). Then the lighter 
isotope Np®®^ was obtained by Wahl and Seaborg (1942) by the reaction : 

, I 

U»®®(n.2n)*U®®® ► Np**® (.^Pa*®*) ... (I) 

7 days ,-.2.25.io*yrs 

Np®*® has a long half life of «-decay and degenerates into Pa**®. 
The transplutoniuni clement Am®*’^ was produced by bombarding U*** with 
40-44 MeV nuclei in the Berkeley cyclotron (Seaborg, 1945). 

Possible reactions involved are : 
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fi- 
gs Ain®'“ cx 0 

> >- lV-*‘ ... HI) 

^Sooyts 

The highest element oeCni*^® has also |>een synthesised with the fast He*** 
ions by the reaction («,n) in Pu"*** which was already obtained by the simple 
capture of „n* in U""". Cm®*-' has probably a short «-decay life of the 

order of five months. A branch reaction (a,3n) in Pu"’" also .t>ives Cm®*" 
having a still shorter cx-half life of _ i pionth. 


I 


Tai»,k I 

'i 

Transuranium and uranium isotopes 


1 

93 

Np 1 

1 

1 234 

1 K.-y 

1 4-4 d. 

235 

K 

8 mo. 

236 

20 hrs 

237 

2 25 10® yrs 
(408) 

23^ 

3 ' 

2 d. 

239 

3 ' 

2.3 d 

231 

53 
(6 2) 

94 

Pu 

1 232 

22 min, 
(6.6) 

234 

8 hrs. 
(6.2) 

236 

2.7 yrs 
( 5 - 7 ) 

23S 

50 yrs. 

(5*5) 

339 

2^,000 yrs. 
( 5*0 

240 

(>,000 yrs. 
( 5-0 

241 

yrs, 

( 5 . 0 ) 

95 

Am 



239 

0m^i2 hrs 

241 

500 yrs. f 

^ 5 * 5 ) 

242 

0^400 yrs. 

( 5 - 2 ) 



96 

Cm 

1 



238 

e^2.s hrs. 

{6.3) 

240 

rw I mo 

(6.3) 

242 

5 mo. 

(6 T) 



92 

V 

228 

9.3 min. 
{6 72) 

22g 

58 min. 
(6.42) 

230 

20 8 d. 
^ 5 ^ 5 ) 

232 234 
70-30 2.3. JO^ 
yrs. yrs. 
(( 3 - 3 ) 4 - 75 ) 

235 

8.9. JO® vrs. 
^ 4 ' 52 ) 

^ 237 

3- 

6 8 d. 

238 *239 
4.5.10® 3 " 23 

3rs. 

{4 13) min. 


{Italicised data are from Seaborg and Perlman fiyjS). .M( ligares in pareuthe.sis 
denote radiation energy in MeV. All nuclei are a-emitters, except stated otherwise. When 
a nucleus decays by /8" or •y-ernission or bv K-elcctron capture, the emitted radiation is 
mentioned below the isotope). "Stephens (1048). 

With the new data for many artificially produced heavy radioactive iso- 
topes thus available, we may examine afresh the possible reasons why the heavy 
elements beyond Z — gz would be missing in nature. The limits of stability 
of nuclei against a-emission have been examined by Heisenberg (Solvay 
Congress, 1933I by plotting the energy surfaces of the radioactive nuclei 
for ot-emission on a neutron-proton ratio diagram of elements. The 
general treatment of this type gives a reasonable account of known natural 
radioactive isotopes, the shortlived C'-products falling into a closed region 
of energy-high. The new data for «-emission from heavy nuclei as far 
as curium I96) are, therefore, plotted on an extension of the Heisenberg 
diagram shown in figure i. Ihe energy values have been taken, wherever 
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available, from the experimental data published by Seaborg and others (1942, 
1946) from time to time and also from the comprehensive review * of data 
by Seaborg and Perlman (1948). Doubtful energy values not confirmed 
by more than one sources and which do not agree with an extrapolation 
of the Geiger-Nuttall curves have not been plotted. 



Table II 

Isotopes of the '4n x r) series. Seaborg (1941). 


Nucleus j 

Radiation 

Half-life 

Kncrgy of radiation 

11*33 

a 

1.62 X io 5 yrfi. 

4.80 MeV 

9oTh«» 

a 

7000 + 2000 vrs. 

4-45 

89 Ac***' 

a 

lo.j ±o.j day-^". 

5 -80 

87 Fr«> 

a 

4.8+0.1 min. 

6.30 

»«At *w 

a 

0.018+0.002 sec. 

7 oi 

8,Bi«3 

«( 4 %) 

47 ± I min. 

6.00 

uPoUS 

a 

very short. 

8.30 


The rest of the values have been obtained by an approximate extrapolation 
of the Geiger-Nuttall curves. The values for Th®** and Po®‘*, two members 
of the (4«+i) series, taken from Table II (see discussion at the end) 
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arc seen to fit well in the curves. These two new isotopes, among the well- 
known radioactive elements, serve well as a check on the new experimental 
data. The value for from the same experimental source docs not, 

however, agree so well. The values extropolated from the N. -curve 
appear to be slightly higher than the experimental energy values in general 
wherever both the values arc available for comparison. I3ul the difference 
is not so serious as to affect the general run of the Heisenberg curves, which 
can, therefore, be taken as fairly nepresentative. The position beyond the 
element 92 is obviously far from satisfactory. I3ut the two isotopes Cm’’^* 
and Cm®^® are of ‘ great significance as they help to close up the energy 
curves 10 upwards on the lower side of the N/Z scale. Thus the existence 
of a second high energy closed region between / = 9i and 94 near the bottom 
of the NjZ scale appears to be fairly certain. Wc can, therefore, conclude 
that the lower isotopes of these elements from U to Pu would be highly 
unstable towards a-decay, and it is no wonder that they do not exist in the 
earth’s crust which formed a few thousand millions years ago. 

The higher isotopes of these elements clearly fall on a flat plateau 
region on the energy diagram. Their -decay lives are, theieforc, not 
short enough to account for their natural extinction. It is, therefore, neces- 
sary to examine the possibility of their decay by alternative mechanisms, 
like spontaneous fission, neulron-evaporalion and /^"-emission. The last 
two alternatives do not probably play any part, as the neutron-evaporation 
process would lead to lower isotopes which would decay by radioactive 
emission, while /8"-emission would lead to still higher elements which would 
readily die out by spontaneous fission. 

The relative probability of spontaneous fission of heavy isotojjcs have 
been considered by Bohr and Wheeler (19.39) ^nd by T- A. Turner (j 945)- 
^Vhile it is clear that the limit of instability of nuclei by spontaneous fission 
sets in at (Z^/A) ciitical ^47.8, Turner has shown that the mean life of 
spontaneous fission of a heavy nucleus is approximately given by 

i-f fsst — *6* io~*' exp. [(2 M E/)^- 

\f 

« k. exp. [/(:r)]^j 

where /(jc) = 98(i - .-c)Vi35 - 1^368 (i - a.-)"/ 34425 + 

:*:=(Z®/^d)4- (2r®/^)criticui, fe = constant, 

£/ = 4^rr„^ O. A*l\ f 

and the other symbols have their usual meanings. According to this, 94 Pu”* 
s3iould be about 7000 times more spontaneously fissionable than U”* which 
shows spontaneous fission to the extent of ^ 1% of the radioactive ^-decays, 
has, therefore, a spontaneous fission life t/- 100. 7 10*/ 7000 years 

iio' years. The ratio of spontaneous fission life of i nucleus to that of 
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Pu“®*, denoted by R/, the relative mean fission life is computed for a number 
of isotopes by the above formulae and collected in the Table III below. 

Tabi.e III 

Spontaneous fission life, R /, of heavy nuclei relative to Pu 239 

[recalculated from /(a;)]. 



Kr 



Kf 

92 U 

235 

7.6.10^ 

94 Pu 

244 

5.2. IO< 


233 

1 . 1 . 1 


242 

5.9.102 





241 

62 

03 Np 

237 

66 


229 

1.00 





238 

0.12 

95 Am 

243 , 

0 - 5 ^ 

96 Cm 

240 

7.2.10“^ 


241 1 

o.oi t 


242 

7 4 . 10 “^^ 


R/^ = Ratio of spontaneous fission life of a nucleus to that of Pu®**. 

The above results show that only Am and Cm possess fission mean life 
low enough to decay completely from the earth’s crust in course of geological 
epochs. Elements higher than Cm will have, of course, still less chance of 
surviving. 

The position of heavy unclei, therefore, appears to be this ; Eower 
isotopes of elements from 92U to 94 Pu would be extinct through short life 
*-emission, while the absence of still heavier elements Am and Cm would be 
accounted for by their high susceptibility to spontaneous fission. The higher 
isotopes of Np and Pu, which are produced in the laboratory, but do not 

exist in nature in any appreciable extent are still to be accounted for. 

Perhaps we can look for an explanation to the probable mechanism of evolu- 
tion of heavy elements originally in the cosmology as postulated by Weizacker 
(1947), Gamow (1948), Mayer and Teller (1948) and others (Haar, 1949). 

In the original formation of heavy elements in the interior of very dense 
and hot stars there must have been heavy nuclei present, because large 

neutron excess is required for stability of these nuclei in view of strong 

coulomb interaction of protons. Nuclei with such large neutron excess will 
not be stable, but would break up by spontaneous fission. The fission 
products would be unstable and through radioactive changes decay finally 
into stable nuclei. Mayer and Teller have considered these processes in 
detail ; they assume that^ after the fission of the neutron-rich nuclei, the 
residual nuclei will be highly excited. The excess energy of excitation will 
be first relieved of through “ neutron evaporation from the droplet of nuclear 



41 ^ 


The Missing Heavy Elements 


fluid . If the energfy of the nucleus has decreased so far that no more 
neutrons can evaporate, normal radioactive processes will follow, which will 

most frequently be ^“-processes ( N — > ). The final results will be a stable 
nucleus one of the isotopes observed in nature. Starting from the concen- 
trations of neutron-rich nuclei from the stellar interior and making reasonable 
assumptions as to the excitation energy of the fission products, one can 
calculate the abundance of the stable isotopes on these lines. Mayer and 
Teller have found reasonably good agreement between the observed and the 
calculated values of abundances obtained in this way. 


The production of the transuranium elements in the laboratorj is 
probably a process quite analogous! to the above natural process, but tl.e 
degree of energy excitation of tlie neutron-rich nuclei obtained by the 
neutron-capture process in u**® , in the laboratory is much lower than 
that attainable in the stellar processes. Consequently the subsequent fi - 
decay process of the compound nucleus formed by the neutron-capture has 
to suffer little or no competition with the fission [uocess. ft is unlikely. 


therefore, that the neutron-evaporation i>rocess can proceed very tar, or set 
in at all. Quite heavy neutron-capture products are, therefore, left behind 
which, on account of /S"-iustability settting in quite early, transform 
gradually to heavier isotopes of Np,-Pu, Am and Cm. In the natural evolution 
process, on the contrary, the fission of very heavy nuclei, followed by 
neutron-evaporations and /^'-decays, probably cannot yield nuclei beyond 

Th or U. 


A few speculative remarks can now be made in the light of the above 
discussions regarding the non-occurrence of isotopes of the (4« + i)-series 
among the natural radioactive elements. Tuinet s (1940) suggestion tiat 
the starting point of the (4" + i)-radioactive series would be o^U ' has not 
been wholly fulfilled in practice. Kxlensive experimental re.searches came 
out in connection with the plutonium project have led to the observation of 
many members of this series and establishment of the sequence of 
tions almost in complete agreement with Turner s prediction^ » 
starting point of the series is found to be the long life «-active Np which 
comes out to be genetically related to Pu^- and Am-‘ according to the 

following scheme ; 


fi- 


4PU 
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»S 


Am“ 


>„,Pa*”-^and so on 


The first two members enclosed separately replace U*'’ “ 

ti«n 'The admitting nuclei which occur in this series are reproducea 
Sborg McMillan and others, rga.) in Table 11 . together with thmr 

S^^ aiidLrgy of radiation and have been plotted in the energy dtagram. 

figure z. 
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As stated under scheme (II), Pa”‘ is produced from an («, n)-re- 
aclion in U"'’* by a non-fissiou capture of 40-44 MeV. ®-particle. An 
alternative process of production of Np“*^ is shown in scheme I, which 
consists of an (n, an) — reaction in U’^'* resultin^g in which is a ^"-active 

body giving rise to Np®®^. Cross-section for this reaction, as for all (n, an)- 
reactions (Weisskopf, 1950), is extremely small. Therefore, the main reaction 
giving the isotope Np®®^ in the laboratory must be that under scheme II 
involving the non-fission capture of an ^-particle in U***. But under natural 
conditions of stellar evolution the non-fission capture will have very little 
probability, as due to high excitation of the compound nucleus Pu'"'® formed, 
the fission process would be a serious competitor of the non-fission capture ; 
indeed the spontaneous fission of Pu®^® may be the main process in nature. 
This seems to offer at least a qualitative explanation of the non-occurrence 
of the members of the (4n -i- i;-series among the natural radioactive elements. 


Dkpaktment of Physics 
Univeksitv of Delhi. 
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RIGOROUS SOLUTION FOR THE CASE OF ELECTRO- 
MAGNETIC WAVE PROPAGATION ALONG A CIRCULAR 
WAVE GUIDE OF FINITE CONDUCTIVITY 

By K V. KRISHNA PRASAD 

{Kcceived fot ptibliCation , Match, 75, 

ABSTRACT. The complete solution the propagation of electromagnetic waves 
along a circular wave guide has been wiirked out. The final solution can be grouped 
into two parts. One part which can easily b^ computed in practice has the form of the 
usual normal mod( type solutions, but tliey are neither orthogonal nor a complete set 
The other part represented by contour integrals cannot be so easily computed. In the 
esse of metallic wave guides the contribution by the latter type of fields is indeed negligible, 
but they do have practical significance and contribute a major part in case ()f wave guides 
of small conductivity. 


INTRODUCTION 

Inapreviouspaperhy the author (1951) it vvas shown that the ustial 
methods of dealing with electromagnetic wave propagation in wave guides, 
leading to solutions just of the normal mode type are not adequate to describe 
the complete Held of a given source. The additional solutions, though 
necessary to form a complete solution of the problem, may not be significant 
in case of metallic wave guides, but they do form a major part in the case 
of guide walls of finite conductivity, as for example, m the practical case of 

dielectnc wave^g additional solutions or rather the 

solution of the problem is found in a paper by Soinnierfeld (1912), which 
gives the connection between the normal mode solutions 
of a contour integral while discussing Green's 

.egions. And - I —Td: 

whiefare permissible for the infinite region under consideration, 
will automatically appear as the residues of the contoui integral. 

THEORY 

As a general case of the source IwithinThe 

dipole of moment the dipole ’make an angle « .Hh the 

prottioo on .ke .=o plane make an angle ^ »rth .ke 

X-axis (6~o). 

2 — t7jSP~-^ 
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Following Stratton 11941), the expressions for the electric and magnetic 
field intensities of the dipole in an infinite, homogeneous, isotropic medium 
are : _ _ 

£ = P e 

H = - vx (F e (1) 

iftM 

where e is the dielectric constant, fi is the permeability and k is the propaga- 
tion constant, is the angular frequency of the radiation and R = 
where r, is the radial distance from the dipole to the point of observation. 
The vector P is given by 


P — Po (ip sin a cos — i# sin « sin + i, cos a) 


where is the angle between ri and the projection of P on the Z**© plane. 
The corresponding field potentials of the source are : 

( 1 ) 


Cl ) p y 

<l> = — 5 - (cos a — -- sin » cos < 9 ,) e 

.1 4716 Ti 


(2) 


and 


( 2 ) 


_ _ pQ k sin « sin ^ 


1 4jre pu) r, 

where the superscripts t and 2 refer to the transverse magnetic and transverse 
electric cases respectively. 

The spherical forms in equations (2) and (3) should be converted into 
cylindrical ones, so as to match the fields at the cylindrical surface (r—a) 
with the result ; 

^ f v' cos <x («r) + sin a cos («,) i dh ... (4) 

* ( « ) 


and 


<30 

= ~ ^ sin a sin (9, f H (wr) 

o TT € /A w J 


ihZ 


dh 

u 


Ico ” ... (s) 

In these integrals the s are Hankel functions of the first kind and 


u—Vki^ — lr with the path of integration below the branch point at h — ki 
in the first quadrant, h is the familiar propagation factor. 

The total field potential which is a combination of 0“^ and 0'®’ plus the 

t M 

non-singular fields may be written as : 




for o : 


u 


(m) ’ /• 

0^ c’”" J ’(«r) x dh 


— e 

for ro ; r a 
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e*“* 

for r ^ a ... (6) 

In these expressions, the superscript (»») in general can be either i or 2 ; 

u = s/ ki^ — and v — s/ . Z is assumed to be positive and the path of 

integration passes below the branch points at h = ki and /i = in figure i 
both u and v having imaginary i)arts along the path. Further, 






'ua) —G[!'^(h)Jn(ua) x 


H^n ^(7'r)e,i,. u‘ 
Hi'Uva) t’ 


dh 




Fig. I 

Path of mtegration in the li — X + iY plant- 


OJTtfi 


^■|cos * " ^ “s*" ^sin * sin ^ j"/*! (nr) 


- (:- ) =■” “ 


cos/8 pn^UU) 


and 


iP« fe* 




Sn-ei 


_ sin » cos P Jn (uro) - sin « sin /? pn iur„)lu 

... ( 7 )" 


M*ro 


with the Bessel fnnctious /, and replaced by and H 
tively. The prime denotes differentiation with respect to the argnmcnt. 


respec. 
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And further, the co-efficients GT^iJt) in the set of equations (6) are given by : 

G^2Hh) = I + X ifJi,wnha-^iu-^ _ 

Jn(uat i A„{h) 

,-..^ 2 ,. “ ^ ^27(110.1 


and 


G^n^Hh) 


_ H^2Hua ) j, . _[j „(na) — Hua)] 

Ir ? ' M , w . 


Jn(ua) I 


A„{h) 


U»a^(x 


-fxJ LL JJua)--^HU'Hva) 

\ «i 


I 


with 


A„(h)=\-^ J„(ua)- -^H<2^(ua) 

( /'a ) 

The functions JM(:r) and in equations (8) and (g) arc defined by 

j(*> =r Jnix) and = H^n^' (x) 


(c-') 


fg) 

( lO) 


Equations (8), (g) and (lo) result from the continuity of the tangential 
components Be and He at r^a, while the continuity of E, and H, at r = a is 
given by the last expression in equation (6). The fields derived from the 
first two expressions in equation (6) match at r=ro while the first terms 
within the brackets in these represent the source field. For r >• a, the fields 
represent outgoing waves only. 

The integrands in the integrals of equation (6) have branch points at 
h^ki and h — ka and pol$s Pj at the zeros of A„(h)—o. Figure i shows the 
location of these poles. In drawing this figure the Riemann sheet has been 
so chosen that the real parts of u and v are positive below and negative 
above the hyperbolae passing through fe, and respectively. The imaginary 
parts of u and v, however, are positive everywhere. Along an arc at 1 h 1 — >oo 
in the first quadrant the integrands vanish exponentially, and the path of 
integration will be deformed into the paths I a and Is around the branch 
points at fei and ka plus residues at the poles pj. As the integrands of the 
set of equations in (6) are even functions of u the integrals along the contour 
la will vanish. But as they are not even functions of v the integral along 
Is will give a finite contribution to the total field. 

After evaluating the residues at the poles pj the rigorous solution for the 
complete field of an electric dipole located inside an infinite circular of 
radius a may be written in the abbreviated from : 

‘r.a 0^ j) + ... (i i) 

MS y 

where the summation over j includes the sum over all n and for each n the sum 
over all the roots of A^(hj)^o ior which the imaginary part of Fy is positive- 
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where, 


D^”'\hj ) = / )h y">( h, ) 

{ ^ ,a\ /!„(//)! 

' > Idh J;- 






and, 


E<^^fhj) = 


k,‘nhjF„^ Hh,i , _i_ _2, 

■ 2r'(2>/i' "y y 

tUiloa p n^^fhj ' 


^ jjwa)- ri 2 ) 

“i ih 

The terms C/”‘^ and C in equation (ii) are given by the first and 
third expressions respectively in equation (6) with the path of integration 
/j replaced by Ij. 

The first term in equation fri) can be easily computed by evaluating 
the roots h j, but not so, the second term represented by the Cs. For a 
metallic wave guide with o-.^ laige, the second term in equation (u) falls off 

very rapidly — as fast as c ' — tor large Z, as a first approximation. But 

if is small as is the case in a dielectric wave guide, the contribution 
by the Cs can be significant. As an example, if the conductivity o-^ of the 
legion inside the guide is zero, and that of the guide is small the C’.v in 
equation (ii) for the case of a dipole oriented along the axiS of the 
cylinder are given by the integral expressions : 


- 


4Jr« 


C' * * ss P pfe i^a V j 

* I 


^0^1 Va f ,, „ 4iJu^UT)c'''^' dh 

J TT iMayo'ualp/f / ’ 'fra)f / 'va.' 


I GC 




* ’ J"i O ' ■ -u r ; _ TT o ' ti / f d /t 


and 

where 


(S> 


*Ca‘2> = 0 


' 3 ' 


— T - ^iVav/pwaiHo^'^’fia; 
Ay„.,. 2 . k.//iitiJJuaTH/”'^{va) 

and the 5 refer to Hankel functions of the second kind. 
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For Z large, the expressions in equation (13) will simplify to the 
approximate forms : 

(1)*^ Fpfei/ ^y Joi'Ty/ 

47rejfe2Vj fei® — fea*) *^*'^»*” 


and, 


“ 4 »re, feaVi 


, «fc,v'Z*+r*) 

JL & 

Joias/JJ^) n/Z* + / 


(14^ 


which have the form of dipole type fields reduced in amplitude at the 
discontinuity (r=a). 

Thus the complete field of an electric dipole located inside an infinite 
circular cylinder can be divided into two parts. The first part represented 
by the fields B] ,2^“^ in equation (ii) has the form of the usual normal modes, 
though they are not orthogonal and do not form a complete set. These 
fields could be easily computed in any practical case under consideration. 
The second part represented by the fields in equation (ii), however, 

does not lend itself to easy computation. These latter type of fields are not 
significant and contribute but a negligible correction term in case of metallic 
wave guides, but they, however, become important and contribute a major 
part in case of dielectric wave guides. In the special case of a region of 
zero conductivity bounded by a guide of small conductivity discussed above, 
the fields represent space waves. The field in particular, 

represents energy from the out-going space wave which has re-entered 
the region inside the cylinder, because the propagation constant (fea'i of the 
outer medium {r>a) occurs in its exponential instead of the propagation 
constant (fe,) of the inner medium, (r<,a). 
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INVESTIGATION ON THE BOWED STRING WITH AN 
ELECTRICALLY DRIVEN BOW. (PART 1) 

By K. C. KAR, N. K. DATTA, and S. K. HHOSH 

(Received foi publicaiion. May ji, 

AB3TAACT fhe pap;r describes the construction of a ni'v\- "electrically bowed violin 
with very sensitive arrangements for meisuting bowing pressure and velocilv Kxperiinent 
is carried on to study the relation between minimum b>wing pressure Pmm to elicit a stead v 
fundamental tone with distance d of the ^owed rcgif)n. Kieepiug the <listance d fixed, 
the relation between mininium bowing pttes>-nie Tmiu and the bowing velocity r is studied 
thoroughly at two different frequencies and also the effect of change of the vibrating 
length of the string in Pmm -F curves. A full theoretical interpretation of the curves has 
been given for the first time. 

T N 1' R O D n C T I t) N 

The present paper describes the construction of an improved type of 
electrically driven bow and e.vpcriments carried on with it. The field 
traversed is not new. Previously Raman .Saunders '1940) and Sen 

(1949 > carried on experiments with mechanical violin player. Saunders used 
a raolor-operated circular elastic celluloid disk whose outer edge ruhbed 
against the string producing a tone similar to that of a real bow and with the 
help of a harmonic analyser he measured the intensity of partials with violins 
of different makes and thereby studied the tont qualities of different violins. 
Raman and Sen carried on experiments much in the same line as v\ e have, 
with apparatus not as sensitive as ours. 

The apparatus which we have constructed departs widely from that of 
Raman. Its velocity recording arrangement is similar to that of Sen but its 
pressure recording arrangement is different and is much more sensitive. In 
this respect there has been a distinct improvement on the previous methods. 

Raman studied the variation of mininium pressure P,,,;., to excite the 
fundamental with distance d from the bridge. He showed that the minimum 
pressure exerted by the bow on the string to excite the fundamental varies 
inversely as the square of the distance from the bridge. He also studied the 
variation of Pmin with velocity V of the bow. In both the cases the string 
was tuned to only one frequency. Sen obtained the 7 ’mio ~ P and Ptn!ti~d 
curves and showed that the minimum pressure approximately varies inversely 
as the distance of the bow from the bridge and not as the square of the distance 
as observed by Raman. 

We have studied the variation of Pmin with distance and velocity more 
thoroughly at different frequencies and also the effect of the change of the 
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vibrating length of the string in Pmin — V curves. Further, with the new 
apparatus a systematic study has been made and a theoretical interpretation 
of the curves has been given. 

EXPERIMBNI'AI/ ARRANGEMENT 

The bow is fixed to a heavy iron shaft MN resting on two pulleys Pi Pa. 
It is made to move to and fro in a horizontal direction by means of an 
electric motor, tlie sjjeed of which is reduced by means of a reducing gear 
G {vide figure i). The speed of the bow is controlled by adjusting a 



rheostat put in series with the m )tor and also by taking pulleys of different 
diameters connected to the shaft of the motor. The bow’ can be made 
exactly hoiizontal by adjusting the screws dd' . 

The violin is fixed on a light floating platform pp, hinged at one end 
and supported on two long spring systems SS connected to an upright V fixed 
vertically to a horizontal platform XY which is capable of horizontal move- 
ment along another grooved platform X'Y' in a direction perpendicular to 
the bow. Both XY and X Y' along with the vertical stand V and the floating 
violin can be moved in a vertical direction with respect to another horizontal 
platform AB fixed to a wooden table T by means of screws LL>'. The button 
at the end of the tail piece of the violin is made to rest in a socket in an 
upright K fixed at the end of the floating platform pp. The handle of the 
violin is clamped to a second upright K' also fixed to the other .end the 
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floating platform pp by means of an adjustable screw such that the violin 
may be moved about a horizontal axis with its face upward and be fixed 
rigidly at any position to enable one of the four r.trings to come under the 
bow. This adjustable screw may be moved in a vertical direction along a 
slot at the upright K' and can be fixed at any position to make the experi- 
mental string exactly horizontal. 

A pin mark Z fixed to XY which moves horizontally along a metre scale 
A'B' fixed to X'Y' indicates the i>psition of the bow with respect to the 
bridge. 

Measurement of Pressure 

The arrangement is made sensitive by taking two long light springs SS. 
There is a light long pointer ll capable of moving along a vertical graduated 
semicircular scale ntn. The fulcrum about which the pointer turns and 
the circular scale are fixed to the upright V attached to XV'. The movement 
of the pointer is made frictionless as far as practicable. A pin O, fixed to 
one upright of the floating platform, presses from above on the shorter arm 
of the pointer when the longer arm moves over the scale. The magnifica- 
tion is sufficient to record a pressure of one milligram for a subdivision of 
the scale. The semicircular scale has been calibrated by placing actual 
weights on the scalepan C which is adjusted each lime to be just vertically 
under the bowed point. 


Medsutefueut of Velocity 

The arrangement is not very much different from that of Sen (1949). A 

long, narrow smoked paper g.g, is drawn along a grooved horizontal 

platform R"S" placed parallel to the bow. A fine pm attached to the p o g 
of , hormo^lal tuning fork- F' just tonchos tho ^njoksd paper 

a wave as long as tUe Tt't ^e fnd ^f '"ever A' 

and rests on the iron shaft carryi g . • u. hist bv the side 

a fine pin is attached which ordinarily ^ Uie 

of the wavy curve on the smoked P“1 • ^ movement 

shaft at a point corresponding to t e in i thereby 

of the bow the color comes under the lever 

producing a gap in EF. The actual number of 

the line as soon ^ and the length of the gap is 

waves corresponding to this g p ^ microscope. The velocity is 

measured accurately by mea frequency of the 

color EF snd nnnrbcr of wav^erraaponding to 

t^e gap. 

3—1778?— 9 



426 


K. C. Kar, N. K. Ditto and S; K. Ghoah 


EXPERIMENTAL RESULTS 

»« 

Minimum bowing pressure and bowing distance 

Experiment is carried on with the G string of the violin. The string is 
made of cat gut having a linear density .00845 gm. per cm., the vibrating 
length being 32 cm. The violin is a copy of Antinio Stradivarius. Keeping 
the bowing speed constant and frequency fixed the minimum bowing pressure 
Pmin required to elicit a full steady tone with pronounced fundamental is 
measured for different distances of the bowed region d from the bridge. The 
distance is always taken from the centre of the bowed region. The pressure 
can be somewhat increased beyond Pmin without greatly changing the tone 
characteristic up to a limit Pm«x beyond which the string becomes loaded 
and the note emitted is unmusical. Below Pmin, the fundamental, how’ever, 
falls off in intensity and the octave and the higher harmonics become 
prominent. The results obtained show that Pmin varies approximately as 
i/d (figure 2). This experiment is carried on for two different frequen- 
cies. The frequency is changed by altering the tension of the string alone. 
In each case the relation Pmi.i <x rjd holds good approximately. It is, however, 
found that Pmin for given distance slightly increases with increase of fre- 
quency. (figure 2). 



d in cm — > 
Fig. 2 


I. Frequency = 341 (approx.) 

II. „ “256 ( .» ) 

Velocity of the bow=is.6 cm /sec 
Vibrating length = 33 cm. 

Minimum bowing Pressure and bowing velocity 

Keeping the bowing distance d constant and frequency fixed, the 
experimeut is carried on to study the relation between Pmin and the bowing 
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velocity. The Pmiu^-V curve is obtained fnr 4- a h 

256 ana 34 X 4 . The graphs show , frequencies 

velocity and then rapidly as the velochv of the 1 * '"vrcases slowly with 

ing to note that the upper part oHhTp 
that in this region tv 

suggests that P„,. tends to a finite uiinimun. Vt 

'figures 4 and 5). The variation y=‘“' ^ is decreased 

been also studied for frequency 2k6 and j n y nas 

figure 3. ^ correspond, UK curve is given in 



Fig. 3 Fki. 4 

I Pma* curve ) d4=3 cm 1. Frequency —3.11 'approx) > d — 3 cm 

II. Pmin ‘Curve > Frequency = 256 II =256 ( ,, , S 1 = 32 cm 


Keeping the bowing distance d constant, the full vibrating length I of 
the string is decreased to |/. This is done by making 4/ of the string from 
the ear of the violin dead over the finger board by a small piece of wood very 
firmly tightened by a cord so that no vibration is transmitted to the dead 
part. With this decreased length the above experiment is repeated and 
Pmtn — V curves are obtained for frequencies 256 and 341 (figures 5 ia) and 
5 (b). The nature of the curves is same as that for full length. 
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T H E O R E T 1 C A r, I N T E R 1> R E T A T ION 

Before going to interpret the different results obtained from our expcri- 
mentj it would be useful to make some general remarks on the nature of 
the variation of • P min or Pm^x with the velocity of the bow and deduce a 
formula connecting them. 

It is evident from figure 3 that Pnun- P and /W - curves are both 
straight at high velocity showing that the dytuimical frictonal force exerted 
by the bow at high velocity increases linearly with bowing velocity. Thus 
at this stage the dynamical coefficient of fricion is independent of velocity 
and is constant. However, at lower Velocity the Punu ^ V cm ve is bent showing 
that the dynamical coefficient here is no longer constant but increases with 
decreasing velocity. 

Now according to Helmholtz the forward velocity of the bowed 

point is approximately eciual to the velocity of tlie bow. Raman (1918I 
however points out that as the rate of supply of energy by the bow’ should 
be continuous throughout the motion, i.e. should be same during forward and 
backward motion, the bowed point must move forwaid with exactly tlie 
velocity of the bow, as in that case, there would be a statical friction during 
forward motion. And, as the maximum statical friction is greater than 
the dynamical friction, the mean statical friction during forward motion 
might be equal to the dynamical friction during the backw^aid motion and 
the principle of continuous supply of energy might not be violated. 
However, since the Pjnin — V curve at low’ velocity shows that the dynamical 
coefficient increases as the i dative velocity decreases, it is quite possible that 
the frictional force remains uniform throughout, even :f the bowed point 
moves with a small velocity in the forward direction, the forward relative 
velocity being always less than the backward relative velocity. 

There is another aspect of the problem which must also be cor.sidered 
here. Actually there is no bowed point, because the hairs of the bow are m 
contact with the string over a length of i cm. I his diffitully vas pointed 
out by one of writers (Kar, 1942) as far back as in 1922. It was also shown 
from experiment <^Kar. l.c.) that the point on the string which moves wit 
velocity of the bow i.e. the “zero point” generally lies on the outer limit 
of the “bowed region” but sometimes may be outside it- Thus, if V be 
the velocity of the bow or of the zero point, the forward velocity of the 
mid-point of the bowed region is less than V. Let it be (F 1 o). Let V-, 
be its backward velocity and d its distance from the ncai end. 

From the principle of constancy of the frictional force during forward 
and backward motion, wc have for its value at any time during steady 
motion 

where P is the frictional force per unit length of contact, b the length of 
the bowed region, t*a the dynamical coflBcients during forward and 
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backward motion respectively. As Vi, is always small fij has an uncertain 
value, so we shall use the other relation, namely, 

P,-f^diy+Vi) ... (i.i) 

for calculating the bowing press ire. Because the mid-point of the bowed 
region is at a distance d from the near end, we have, 

V - Vo _ d 
V, 1 -d* 

I being the length of the string. We have then 

V+ V,^^{V-Vo)+ Vo 
a 

On substituting this value of F + V, in (i.i) we have 

P,=l^d^-^^(V-Vo)+Vo^ ... (1.2) 

where Pj denotes the total frictional force in the direction of bowing. 
Actually, however, we measure in the experiment the vertical force P 
exerted by the bow on the string. This force is obviously proportional 

to Pj. So we take P= o< being the constant of proportion. We have 
then 

P=<^f^a]-j(V-Vo)+Vo ... (1.3) 

It should be noted that it is customary to call P the “bowing pressure” 
although actually it is the total bowing force. Now it follows from (1.3) 
that at given V, d, I, the bowing pressure P may vary from Pmin to Pmux only 
if Vo changes due to the shifting of the zero point. Accordingly we have 

Pn»n=«/*rf|~(F-PoO + V'*'i ... (1.4) 

= Fo"} ... (1.5) 

Thus the diflEerence in the observed PmJn — V and Pmaz V curves 
(figure 3) which show that Vo' is greater than Vo" is explained. Equapin 
(r. 4) show’s that for a given velocity of bowing (Pmin — Fo')d is constant 
because Vo' is small Pmin x d is approximately constant as observed by us 
(figure a) 

It also follows from equapin (1.4) that at high velocity when (14 is 
constant, Pmin — V curve should be -straight as observed by us (figures 4 

and 5) and also previously by Raman and Sen. It is significant that the 

straight part of the Pmin V curve when produced does not pass through 
the origin but cuts the axis of velocity at a point A . The length OA is 
easily obtained from (1.4) by putting Putin = 0 and we have 
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OA = V„'(r-f) ... ( 2 ) 

The straight line is produced furthei to cut the axis of pressure at a point 
B, then evidently fputtiug F=o in (1.4;) we have 

= . 2 . 1 ) 

Thus we have 


The ratio thus determined experimentally for frequencies 256 and 341;', for 
full length 1 = 32 ems shows that it is approximately constant for a given bowing 
distance (figure 4). The length of the string is, however, reduced to 
|Z and it is found that the value of tlie ratio is also reduced appioximately to 
4 of that for full length, for a given bowing distance (vide figure 
These conclusions aie fully supported by the theoretical formula dciivcd in 
(2.2) for the ratio OBjOA. 

We next proceed to find the position of the zero point. I^et its distance 
from the mid-point of the bowed region be a and let the backward velocity 
at the zero point be V^- We have then 

V _ x + d 
V. I - (x -+ d) 


or, y+v.,= -l-.V. . ... ( 3 ) 

a- 4 - a 

The corresponding relation for the mid-point of the bowed region 

gives 

V-Vo+Vi==^-(V~Vo) ... ( 3 - 1 ) 

a 

On comparing (3) and (3.1) and remembering the law that the sum 
of the forward and backward velocities is constant for all points (i.e. 1’+ 

3 = V' — Fo "+* V'l) we have at once 

V = 

X'^ d d 


giving the distance of the zero point from the mid -point of the bowed 
region. The above formula shows that x- decreases as the bowing velocity 
V is increased for a given bowing distance d. In other w'ords, it is possible to 
move the zero point towards the bowed region by increasing the bowing 
velocity V, Again at a given bowing distance d and velocity V, x may be 
decreased by increasing the bowing pressure from Pmia to Pmut and thereby 
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decreasing F* from F©' to Vo". From our experiment (vide figure 3) we 
find that at F=23.6 cm/sec and d = i cm, the zero point moves from a:=i.26 
cm. to rc»».i33 cwi- when the bowing pressure is increased from Pm\n -36 gms 
to Pinax= 43.5 gins. We are unable to verify this by actully determining the 
zero point by photographic method. Experiment in this direction is, 
however, in progress. 

Lastly, it may be mentioned that we find Pmm “ d curve (figure 2) 
for a higher frequency to be slightly above that for a lower frequency. 
This small difference may be explained in the following way. In figure 4 
we find that OA for higher frequency is slightly less than OA for a lower 
frequency, i.c. Fo'(«i) for higher frequency Wj, < Vo^'n^) for lower frequency 
nj. Therefore, from (1.4) we have, for a given bowing velocity F and 
distance d, 

P min (W|} + ( W] ) — ^ ~ P min(a2)'t" ^ ~I^lo(w2/ ••• (4) 

It is obvious froni (4 1 that 

Pmtn^'^l) P mill (ft 2/ if Fo (Wj) Vg (fta) ... (4*1) 

This is what w'e find from figure 4. Thus Pmm — d curve for higher frequency 
will be above the Pmin -d curve for lower frequency. 
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ON THE ULTRAVIOLET ABSORPTION SPECTRA OF 
METHYL BENZOATE AND ACETOPHENONE IN 
THE SOLID STATE AT LOW TEMPERATURES* 

ItY aI r. duh 

(Receivcii for f^nbhtaipn, Scpicnibcr, u, 7957) 

Plate XV 

ABSTACT; The absorptioD spectra of methyl benzoate (CeFIsCt and 

acetophenone iCaHsCOCTT-?^ in the ultraviolet rcj^ion have been studied in the liquid and 
solid states. In the case of methyl benzoate three broad bands have been observed in 
the liquid state in the region 2650 K to 20‘>o K. Continuous absorption begins below 2500 A. 
In the solid state these bands are found to be shifted considerably towards the longer 
wavelength side, w^hile continuous absorption begins below 2440 K, 

The absorption spectrum of acetophenone in the liquid state revivals three broad 
bands w ith centres at 35744, 3874S, and 40277 cm * respectively On solidifieUion, the 
first band wddens considerably on both sides and splits up into three bands, while the 
second shifts towards the shorter w'avelength side and the third disappears. 
The limit of continuous absorption recedes towards shorter wavelength side. It is 
pointed out that these changes cannot be due to mere lattice fields and may be due to 
association of the molecules in the solid state. 


INTRODUCTION 

Absorption spectra of molecules in the gaseous state exhibit, in general, 
baud systems having large number of bands, both sharp and diffuse. On 
change of state from vapour to liquid phase, the structure of the band system 
is expected to show considerable changes, because in the liquid state 
intermolecular forces are liable to be brouglii into play. Such changes arc 
actually observed in the absorption spectra of benzene in the region 2700 A 
— 3000 A (Kroiienberger and Pringsheim, 1926). 

The experimental data are, however, not sufficient to indicate any 
general trend of changes suffered by the absorption spectra of molecules 
with change of state at low temperatures. *Ihc results reported earlier, 
for anisole (Deb, 1951) and toluene (Swamy, 1951) show that changes, 
much greater than those observed in the case of benzene, take place when 
these substances arc solidified and cooled down to about 170 C. 

Cotimmtiicated by Prof. S. C. Strkor 

4-1778P-9 
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In order to find out whether any other substituted benzene compound 
shows such remarkable changes in their absorption spectra with solidification, 
the ultraviolet absorption spectra of two more organic compounds, viz., 
methyl benzoate and acetophenone, have been studied and the results 
have been compared with those for solutions of these substances in 
ether (Kato and Someno, 1938) and for solution of acetophenone in alcohol 
(Grammaticakis, 1950). 


EXPERIMENTAL 

The experimental arrangement was the same as that used in the 
study of anisole (Deb, 1951). The liquids used were of chemically pure 
variety and were distilled repeatedly in vacuum before use. A very thin 
film of the liquid was necessary to produce bands in the absorption spectrum. 
This was obtained by pressing together the quartz plates of the cell between 
which the film, was formed, and then by carefully sliding one plate over the 
other. 

Spectrograms were taken on Ilford H.P.3 films and Q-piates using 
a Hilger Ki quartz spectrograph, giving a dispersion of about 3 A-U per 
mm in the region of 2600 A. Kxposures ranging from 6 minutes to 10 
minutes were necessary in the case of the liquid, and about an hour in the 
case of the solid. The width of the slit was about 0.2 mm. 

RESULTS AND DISCUSSION 

The spectrograms are reproduced in Plate XV and the positions of the 
bands are given ill Tables 1 and II. The data for solutions of both liquids 
in ether reported by Kato and Someno (193S) and those for solution of 
acetophenone in alcohol, reported by Grammaticakis (1950) are also included 
for comparison. 


Table I 

Methyl benzoate 


Solti, in ether (Kato A 
Someno^ 1938) 

Liquid (Present author) 

Solid (Pre5«;nt author) 


aAU 

p cm*' 

Int , 

Diff 

j 

A AV 

p cm“^ 

Int 

Diff 


X AU 

! 

p cm ' 

Int 

Diff 

1 

* ! 


35700 

4 


mill 

281X.91 

3555a 

st 


1 

2841*49 

35183 

St 






700 

|l 




929 




) 

934 

2 


i 36400 

5 



2740,31 

36481 

St 


2 

4768.07 

36116 







1x80 

|H 




947 




1 

923 

i 


375S0 


■■ 

1 

2671,0 

? 

374*8 

w 


3 

3699.0 

[ 37039 

w 1 








”8 2537^ Hg 263=5 A 
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Table II 
Acetophenone 


Solo, in ether (Kato A 
Someno, 193$) 


(present author) 


Solid (present author) 



X AU 


Tnt 

Diff 


A AU 

V eni * 

Int 

Dih j 

1 

A AU 

j 

y cm * j 

Int 

Diff 

2 


34900 

8 




' 



I 

2925 76 

3 - 1 ' 7 'J 

1 

1 

1 

2 


35900 

0 

2 000 

I 

2706.89 

35744 

1 


2 


35^40 


1079 





1 100 





3 t>t )4 




iu 66 

3 


3 700U 

6 







3 

273.^ 0 

36315 



Solii in 

alcohol 






1 



1 1 

1 


(Grammaticakis 

1950)* 


2580 f> 

3874^ 

! 


4 

1 2566.16 i 

389S7 1 








1 

j 



J529 




1 


2800 

35700 




i 

i 

j 

1 



1 

1 

1 

1 

! 

1 


2440 

409-0 



3 

2482 

40277 

1 

' \\ 

1 

1 


1 

1 

1 

i 

1 



“St” means strcmp and *‘w” means weak. 

* These results have been obtained from the fre<ineiicy-log E t 


(a) Methyl bevzoate 

It is seen that the abborption spectrum of methyl benzoate (figure (i) 
Plate XV] consists of three bauds at 35552, 364CS1 and 3742H cm"', the third 
band being weak and flat with the maximum hardly recognizable. The 
approximate difference between the frequencies of the successive bauds are 
929 and 947 cm"' respectively in the case of the liquid. The bands shift 
towards longer wavelength when the sub.stance is solidified and cooled to 
about — i7o°C. The difference between the successive bands in the case 
of the solid are 934 and 923 cm * respectively. This frequency seems to 
be that of the symmetric vibration of the benzene ring in the excited 
electronic state. Kato and Sotneno (i9iS). however, reported the 
frequencies 700 and 1180 cm"* as the difference of the successive bands 
in the case of the solution of methyl benzoate in ether. Neither of these 
frequencies have been observed in the present investigation. 

(b) Acetophenone. 

In this case the liquid gives three bands with their centres at 35744. 
38748 and 40-77 cm“* respectively (figure 2, Plate XV). On comparing 
these with the data published by Kato and Someno (193®) for solution 
in ether, it was found that the second band observed by these authors 
corresponds to the first band of the present work A band was alsq observed 
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in this position by Grammaticakis (1050) in solution of acetophenone in 
alcohol. But the other two bands observed by Kato and Someno were 
not observed in the present work. Corresponding to the second band at 
30748 rin“’ no baud was observed by those authors in solution ; but the 
third band roughly coiresi)onds to the second band observed by Graminati- 
cakis in alcohol solution. The frequency-differences observed in the liquid 
state are 3000 and 1500 cm"\ 

In the solid stale at about -r7o'C, in the place of the first band of 
liquid slate, three bauds are observed, two of which are on the longer 
wavelength side of the original oiTi and the third band is on the shorter 
wavelength side. The second band observed in the liquid state shifts 
by about 14 A to the shorter wavelength side in tlie solid state, and 
the third band of the liquid is not at all observed in the solid state. 

These changes are too large to be explained on the assumption that 
the lattice field splits up the electronic levels of the molecule. Evidently 
these changes are due to a stronger interinolecular association in the solid 
state. 

The investigations are being continued with other organic compounds, 
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OVER-LAND REFRACTION OF HIGH-FREQUENCY 
RADIO WAVES IN INDIA 

liv K. R. SAHA 

(Received fm pubb^it ux Miiy 

ABSTRACT From a study of the verticil distribution of tlic mean iiKMlilied refractive 

index of the lowest kilometre of the a tinof#»phere over three land stations c omputed from 
routine aeroplane flight anJ radio sonde re|K)rts, e onelnstons are <lra\vn legardtng radio 
pTopagation conditions over these stations at 6omc seU efed horns of lht‘ day and in diiJerenf 
months of the year. While combined e/ic< ts of temperature inverMon and humidity lapse 
with height explain on super-refrartion it these stations most oeeasions, s >me ea^ses of 
super-refraction are observed with lapse rates in both tempeiature and lunnidity. Mete »ro“ 
logical origin of the mean M.R.T profiles is dl* cussed. 

ATMOSPHERIC SUPE R-R K F R A C T ] ( ) N AND 1‘ 1) R M A IT < • N 

O F R A I> I O-D U C T vS 

The refractive index, ^ of the atinosplicre for r:idio waves is fiivcn to a 
snfRcient degree of accuracy, by tlie relation ; 

/^=i + ,r\' T ' 

7 > = thc atinospberic pressare in millibars, 
t> = thc partial pressure of water vapour in niihbars, 
and 7 ' = the temperature in degrees absolute. 
lidfi/dh is the refractive index gradient at height h ^ 

surface, the cu.vatnre of a radio-.ay for sn.all aneks of ckval.ou (^..s ). 

at that height is 

I I dn ... ( 2 ) 

p p dll 

where a is the radius of curvature of the ray. Followme radio practice, we 

Where P is tne ratiius 01 „,casure ray curvature with reference 

rrear i-or™ry .0 jo:^: 

case and the modified refractive index ) is Mven y 

relation, 


/x'* t/X- 1) + 


R 


X 10 


(3) 


, , at, Tt ran be sliown from the theory of 
where R is the radius of a tay 

radio-ray propagat.on 1 'todifitd refraetive iudex is 

to the horizontal at a height h, where tne inou 

then, 
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2 

where 0o» are the corresponding values at the transmitter height ho- 
Equation (4} gives the bending of the rays in terms of the modified refractive 
index variation over an interval of height ih — ko). If A/*'>o, 0 a>0o» and 
the ray is bent upward with reference to a flat earth. If ^fi'=o, 
and the ray moves parallel to the earth’s surface. But if o, ^h<Jt>Q, 

and the ray is bent downward to strike the earth. In the last case radio- 
energy is mostly confined in a narrow layer close to the earth’s surface and 
is able to reach distances far beyond the geometrical horizon giving rise to 
what is known as unorthodox radio vision (Booker, 1948 ; Saha, 1949). The 
height at which upgoing radiation is reflected back downwards marks the top 
of a radio-duct. 

The negative gradient of /x' with height thus produces super-refraction 
or radio-ducts. The types of super -refracting layers commonly met with in 
the atmosphere arc shown by the fx' — h curves in figure i . 



Fig. I 


Types of supir.refracting layers or radio-duct.s. 

In the fiist and second curves /x' reaches a negative value relative to the 
origin. In (a) the duct reaches the earth’s surface and is called the SS- 
duct (Surface-layer and Surface-duct). In (b) the refracting layer is elevated 
but the radio-duct still extends from the minimum of modified refractive 
index IM.R.I.) to the ground level and is called the ES-duct (Elevated-layer 
and Surface-duct). In (c) the local minimum of the M R. 1 . exceeds the 
value at the earth's surface giving what is kuowui as the EE-duct (Elevated- 
layer and Elevated-duct). In the last case, the radio-duct only extends 
from the local minimum of the jw' down to the level where this value is 
regained . 

Considerations of the meteorological variables involved in equations (i) 
and (3) make it clear that while the distribution of the atmospheric pressure 
with height causes a slight uniform decrease of refractive index with height, 
temperature and humidity distributions are the main factors which determine 
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the vertical distribution of the M.R.I. and thus control radio propagation in 
the lower atmosphere- In a well-mixed atmosphere in which the lapse rate of 
temperature is dry, abiabatic and the specific humidity falls off slowly with 
height, Ajw' > o and the radio refraction is said to be normal or standard. 
Radio range in such an atmosphere hardly exceeds the optical range of the 
transmitter. But when the atiiiuspberc is stratified, strong temperature 
inversion may form and there may also devcloi* a marked negative gradient 
of humidity w»th height. In such an atmosphere A/x’ <; a, and the result 
is the formation of a highly super-r^fi acting layer. Sometimes the effect 
of temperature distribution may act in a direction opposite to that of 
humidity gradient but it is the resultant effect exercised through the relation (i) 
that becomes the determining factor ^ 


RADIO RK UR ACTION O V li R LAND 

The important role played by atmospheric refraction in short wave 
propagation was widely demonstrated during World War II by radar 
operations in different parts of the woild. Abnormally long ranges of 
communication at low levels weic reported in many parts but the most 
impressive reports came from the tropics where the effects of high tempera- 
ture and high humidity produced marked sniicr refraction. Hut the bulk 
of these reports related to over-watei transmission. The difficulty of kn\- 
elevation wave propagation over land may have .substantially re^-tricted use 

of the radar in many parts of the continents- 

Smith-Rose and Stickland (104^) have experimentally demonstrated 
that over-land radio-wave propagation between any two points on the 
earth’s surface is affected by meteorological conditions of the medium in 
much the same way as over-water transmission. Variations in the refractive 

index gradient of the medium caused by meteorological phenomena like fog, 

cold front and high wind produce corresponding \ariatiuns in the receiving 
signal strength at a distant point. Their work calls for more detailed 
information on the fine structure of the propagation medium. I he lapse 
rate of the refractive index with height requires to be determined with 
greater accuracy than heretofore. Only then can field intensities and 
reception strengths he determined with any exactitude. , 

In the present study refractive index (modified) values have been 
computed for three land stations in India and their vertical profiles examined 
for Lper-refraction of radar waves. Diurnal and seasona variations are 
studied and inferences drawn regarding propagation conditions at these 
stations at different times of the year. 

AVAII^ABIvR M ETR<>R‘>bO(’ 1C A b DATA 

Theoretical works (Eckersley. 193S ; Booker, .946) have rtowa that 
efficient trapping of a radio-wave is possible only when the width of a rad.o- 
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duct is greater than a critical inininium value. The critical width, howevei-, 
decreases as the frequency of the wave is increased. For high frequency 
radio waves, as used in radar, the critical duct-width is contained within 
the lowest 1,000 ft. of the atmosphere. Hence meteorological data of the 
lowest kilometre of the atmosphere can provide suitable basis for studying 
radio refraction in the atmospheie. 

Low-level meteorological soundings up to a height of i km or so have 
not formed part of routine upper-air work in India. A series of clown 
balloon ascents were arranged by Chatter jee and Sur (1929) at Jhikergachha 
(Lat. 23 ' 06' N., Long. 49® oS' E.) in connection with a study of the Nor’- 
wester i)roblem. Raindas (1943) has recorded a series of micro-meteorologi- 
cal observations at Poona but these relate to the lowest 35 ft- only. Obser- 
vations from high towers or low-level aeroplane flights suitable for use 
in radio-meteorological work are practically non-existent in this country. 
Perhaps, the only record of a low-level aeroplane flight specially made for 
radio-meteorological work is to be found in a paper by Hatcher and Sawyer 
(1947) on the structure of sea-breeze at Madras and the associated radio-duct. 

Routine radio-sonde observations are hardly ideal for the type of work 
here undertaken because of the excessively high rate of ascent of recording 
instruments which allow s only a few observations to be taken in the lowest 
kilometre. In the case of aeroplane flights these draw-backs may be 
removed if the terrain is plain but the high speed of the aircraft necessitates 
large corrections to the readings of the recording instruments. In spite of 
these sources of error, the author found it practicable to work with the routine 
corrected data published by the Indian Meteorological Department in daily 
weather reports. Volumes of these data accumulated in wartime. They 
are now available in suitable form for studying the refractive condition of 
the atmosphere. Aeroplane and balloon flight observations of temperature 
and humidity at Calcutta, Nagpur, and Madras during the period 1944-46 
are used in the present paper, tibservatioiis of Calcutta were available at 
0100, 0700 and 1300 hours GMT, for all the months and at 1700 G M.T, 
for the months of March, April, July, and October. Of these the 
observations at 0100 GMT were obtained by aeroplane flights while those 
at 1300 and 1700 GMT were radio- sonde observations. Observations of 
Nagpur and Madras were aeroplane flight observations aud were available at 
0100 ond 0600 GMT only. Mean temperature and vapour pressure at 
standard and chosen pressure levels were obtained graphically for each month 
and these mean values were used for computing the value of the M.R.I., 
employing relatipns (i) and (3). Computed values of the M R.l. were then 
plotted against height in charts Ai, A2, B, and C. The statistics of the data 
used for each curve in these charts is givan in Table I and the scatter of the 
observations about their mean at Calcutta is ‘given in terms of the standard 
deviation for four representative months in Table II. 



^Ver land Refraction of High-frequency Radio Waves 44 J 

DIURNAIv AND Sl^ASONAIy VARIA'l'TON 
OF R K F R A C T I O N 

The vertical profiles of the modified refractive index presented in charts 
Ai, A2, B and C show diurnal and seasonal variation vvdiicli may be discussed 
as follows : 

Charts Ai and A2. — Calcutta, The mean structure of the lower atmos- 
phere. over Calcutta during the night and early morning hours of the winter 
months of December to February is a strong temperature inversion and a 
normal negative gradient of humidity. Mean M.R.l. profiles for this period 
do not reveal the presence of any radio-duct but the vertical gradient of the 
modified refractive index definitely indicates marked tendency towards super- 
refraction. M.R.I. curves for midday hours show normal refraction. Atmos- 
pheric conditions in March become highly favourable for super-refraction. 
Strong tempeiaturc inversion and marked laiise of humidity with height 
combine to form radio-ducts during evening which continue throughout night 
and last as late as morning hours as evidenced by the ascent curv^es for the 
month in charts Ai and A2. These radio-ducts are of the SS-type- In 
April and May temperature inversion still forms but during these months the 
inversion layer is most often elevated above the ground. In figure 2 an early 
morning ascent in April at Jhikergachlia, taken from the clown balloon ascent 
data of Chatterjee and Sur (1926), .shows the presence of an elevated temperature 



Chart A i . 

Vertical distributions of mean temperature TCF), humidity mixing ratio x(g/Kg), and 
modified retractive index at Calcutta m different months. Times of aicent : oioo. 0700, 

tod 1300 GMT. 

5— 1778P— 9 
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inversion and an ES-duct. Figure 3 and figure 4 show the confines of the 
inversion layer and the steepness of inversion over Calcutta at some hours of 
the day and in different mouths of the year. The height of the top of the 
inversion layer in April is probably that of the elevated inversion 



Chart A 2 . 

Vertical distributions of mean temperature TC^F), vapour pressure e(iiib), and modified 
refracMje index at Calcutta in four months. Mean time of ascent : 1700 GMT (Mean 
of times of ascent between 1500 and 1800 Z) 

TABhH 1 


Statistics of data, Number of observations used for mean M.R.I. curves. 


Station. 

Time of Uvscent 

Month. J 


M 

A 

< 

M 

1 

J 


A 

1 

s 1 


B 

D 

1 

1 

I 

oiooZ 


45 

* 45 

4 * 

21 

20 

40 

34 

12 

27 

■ 

22 


070^^ 

»9 

20 

i 17 

ig 

28 

18 

38 

17 

12 

28 


15 

Calcutta 

1300 


20 

1 

’ 09 

19 

22 

22 

20 

13 

10 

18 

D 

20 

*> 

1700 

— 

_ 

07 

08 

1 

- 

— 

12 

— 

— 

07 

H 

— 

1 

0100 


51 

48 


^9 

28 

44 

* i 

44 

26 

43 

25 

53 

Nagpur 

0600 

i 

1 35 

i 52 

i 

, 4 ^ 

42 1 

28 

25 

29 

25 

27 

33 

28 

' 51 

1 

.Madras 

0100 

i 

1 

i 

i 

) 

, 

22 

27 


29 

24 

23 

48 

27 

27 

0600 

I 

1 

j 

j 20 

: 22 

1 

19 

1 

07 

J 

28 1 

oS 

! 


20 

18 

26 
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layer. Temperature invei^ion disappears during the SW monsoon 
and the lapse rate of moisture is also very small then. The M.R.I. profiles 
show that microwave propagation must be quite orthodox from June to 
September. In October the inversion re-forms It strengthens in November 
when the atmosphere becomes highly refracting again, ft is interesting to 
compare the above remarks with an actual record of radar performance over 
the delta area of Bengal in 1943 whicli is leproduced in Table III below fioin 
a paper by Durst ^1946). The high scatter of the observations about their 
mean in winter and early summer months as given by those of the representa- 
tive months in Table 11 is probably due to the frequent changes in air masses 
over the area caused by the passage of western depressions during these 

TABLf II 


Scatter of temperature observations. Standard deviation values at Calcutta I’P'). 

<D. B— Dry bulb ; W. B.— Wet bulb) 
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Elevated radlo-duct at Jhikergachha. Bengal. Time of a.scent. 0100 GM 
9th Aprils xpaip. 


444 


K. R, Saha 



Mean height of top of inversion layer at Calcutta in difftrent months 
foi times of ascent are: “crossed circle** 1300, “dot” 1700, and O 0100 GMT. 
mean of ascents between 1500 and 1800Z) 


vSyiiibols 
fi7ooZ is 



I j F M M J J S O N 1 ) 


Fig* 4 

Meat] temperature differetce between the ground and the top of the inversion 
layer at Calcutta in different^ months. Mean times of ascent in symbols are “eressed circle” 
J300, “dot*' 1700, and O oiooZ. (1700Z is mean if ascents between 1500 and 1800Z) 

periods. Little air mass change obtains during the SW monsoon season, 
hence the low scatter during this period. . Air mass conditions fluctuate 
again during the post-monsoon season when tropical cyclones from the Bay 
of -Bengal affect the region and these fluctuations probably explain the some- 
what high scatter during this period. 
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TABI.E III 


Number of nights per month on which inland super-refraction was 
experienced by radars in Bengal in IQ43 fafter Durst) 
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Chart B~^Na£Pur, 0100 G M T. Curves. Decembcr-Murch: In spile of 
s rong temporalure inversion small negative giadieul of humidity does not 
permit the formation of any super-refracting layers during this period. But 
the trend of the M.R.I. profiles definitely indicates that during these months 
the lower atmosphere over Nagpur would produce radio-refraction iu excess 
of the standard rate. 
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Chart B. 

Vertical distributions of mean temiDeralure T(''^'), vapour pressure c(irib), and modified 
refractive index ft’ Nagpur in different nuniths. Times of avsceiifc r 0190 and 0600 
G. M. T. 

April to mid-June and October to November. — Strong temperature 
inversion or isothermal condition up to a height of 1000 feet to 1500 feel and 
marked vapour pressure lapse rate in the first looo feet of the atmosphere 
are favourable for pronounced super-refraction during thc.-;e transition months. 
SS-duct forms and its width decreases from about looo feet in April to about 
300 feet in June. The duct appears to be strongest in May. 

Mid-June to September. — During the SW monsoon the atmosphere 
becomes well-mixed and homogeneous in the vertical and both temperature 
and humidity fall slowly with height. The resultant effect is a normal or 
Standard lapse rate of the modified refractive index w’ith height. 
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0600 G.M.T. Curves. — The midday temperature curves show lapse rate 
at all the levels. Inspite of temperature lapse which by itself inhibits super- 
refraction of any kind, marked lapse rate of humidity in some months tnak:es 
the atmosphere super-refracting even at midday. An examination of the 
M.R.l. profiles for midday enables us to draw the following conclusion: 

December io March. Atmospheric refraction is normal. 

April to mid-June. — The atmosphere is highly super-refracting. SS- 
duct radio-duct would appear to form, the width of which decreases from 
about 700 ft. in April to about 300 feet in June. 

Mid-June to November. — M.R.l. curves for the months of July and 
August indicate the presence of a highly refracting layer of the SS- type 
within the first 400 feet of the ground. During the remaining months, the 
refraction is standard. 

Chart C— Madras. 0100 GMT curves. October to January. — During 
these months which cover most of the period of the NH monsoon over Madras 
the mean temperature distribution in the lower atmosphere is either iso- 
thermal or exhibits a slight temperature inversion. But inspite of temperature 
condition being favourable, slow lapse rate of humidity makes refraction 
almost normal. 



Chart C. 

Vertical distribiitioti.s of mean tenipeiature Tl'P), vapour pressure e(mb), and modified 
refractive index ft' at TIffldrSS in difterent months. Times of ascent : 0100 and 0600 
G. M. T. 

February to May. — In there summer months, except May, both tempera- 
ture and humidity fall with height. But the rate of decrease of humidity 
being slow, the M.R.l. curves exhibit more or less normal or standard 
refractive condition. In May, the temperature curve shows an isothermal 
layer to a height of about 750 feet and an iiiveision layer aloft up to a height 
of about 1500 feet. Above 1500 feet level, there is normal temperature lapse 
rate. The temperature and humidity conditions as revealed by the mean 
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curves would give rise to an elevated duct of the ES-type, as shown in the 
appropriate M.R.I, curve. 

June to July\ During these months, there is lapse of both temperature 
and humidity with height. The humidity lapse rate, however, is fairly 
high and the result is a slightly more refracting atmosphere than the normal. 

August to September, Temperature and humidity decrease slowly with 
height. M.R.I. profiles would seem to indicate normal refractive condition 
in these months. 

06 — G.M.T. curves, tJwiiig to temi^erature lapse and slow rlecrease of 
humidity with height, refraction is nc^mal at midday in all months except 
September lor which no data were available. 

Hatcher and Sawyer’s investigjation on tha sea-breeze structure at 
Madras has shown that when strong sea-breeze prevailed during afternoon 
hours in summer months, radio”dudts appeared to form over the coastal strip 
as well as over the adjoining sea areas. liS-ducls piobably form in such 
conditions owing to the relative orientation of the cool sea breeze underneath 
the warm continental air flowing out towards the sea. 

M E T R O R O Lr O G 1 C A Jb ORIGIN O I ' T FT R MEAN 

M.R.T. V R O P I b R S 

The vertical distribution of the mean modified ref 1 active index as shown 
m charts A, B and C may be explained qualitatively in terms of the mean 
atmospheric conditions that occur in India in different months. For this 
purpose, representative air-flow charts for three dominant seasons in India are 
presented in figures 5-7. It is well-known that temperature inversion and 
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Fi(i. 6 

Summer air-flow chart, April 



Fig. 7 

Monsoon air-flow chart, August 

negative gradient of humidity with height originate in certain meteorological 
conditions. Some of these are : (i) rapid cooling of the ground layers by 
radiation at night, (a) subsidence of air from high levels, and ( 3 ) horizontal 
advection of dry and warm air over cool and moist air. The first two are 
satisfied when anticyclonic conditions prevail over the area under investiga- 
tion, whereas, the third is met with mostly in coastal areas where the sea- 
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breeie phenomenon is common and also over some areas where the local 
pressure distribution brings in a thin layer of cool and moist air underneath 
warm continental air. An examination of figures 5-7 in the light of the 
foregoing observations enables the following conclusions to be drawn in 
regard to the mean temperature and humidity profilc.s. During the period 
October to February, which covers mpst of the winter season, the air circula- 
tion over India is anticyclonic from the ground to a high level. The result 
is large-scale subsidence of air and marked vortical stability of the hiwor 
atmosphere. Fxtreme dryness of the fir keeps the skies cloudless and rapid 
nocturnal radiation builds up a steep temperatuie inversion which lasts till 
the following morning when the inversion is destroyed by insolation and 
replaced by a temperature lap.se Teniiieraturc distribution, therefore, 

is extretnely favourable for the dei^loimient of a strong radio-duct during 
evening and night hours but the eifect of a slow la|)Se rale of liumidity 
somewhat counteracts tliis proce.ss. Over Madras, the temperature iiiveision 
is only slight and slow lapse rate of humidity with height seldom jicrniits the 
formation of a super-refracting layer m winter months. I'lgureb, which depicts 
the mean airflow for the summer months of Tvlarch to May, sh»>ws the same 
high level subsidence though in the very lowest levels the snbsideiiee is being 
replaced by the opposite effect of convection indicated by the somewhat 
cyclonic bend of the streamlines. Over the land, the air still being di>, 
nocturnal cooling develops temperature inversion. Hut the inversion 
is less marked now than in winter months. There is also a slow decrease 
of humidity with height. But locally during this period there is infln.v of mois- 
ture in the lowest levels over deltas and coastal areas cither in the form of 
a sea-breeze or as a steady moist current maintained by the local pressure 
distribution. When such incursion of moisture takes place close to the 
grottnd, an elevated temperature inversion results and the humidity falls off 
rapidly in going from the lower moist layer to the upper dry layer. An 
elevated radio-duct of the KS or EE-type forms. Examples of the 
of such elevated radio-ducts have already been cited in the case of Madras 

aud south Bengal in the preceding pages. 

During the period of the .south-west monsoon from June to September 
the atmosphere is thorooghiy mixed by marked conveetio,. >"'1'“'^ ^ ““ 
cyclonic curvature of the streamlines up to a iiifih leve an , „ 

lapse rate in both temperature and humidity and a normal 

But the propagationiuferencesdrawninthecaseof midday M R. I. curves 
for Naiu^rd early morning curves for Madras for ihis pertod show va.m- 

tor Nagpui ana e T„,,„;te of the normal temperature lapse rate, 

lions from the general rule. Inspite ot tne no i difference 

temperature about midday hou offset^ the inhibitive 

laose rate of humidity with height and this more than offset the ' 

aS^t of a temperature lapse rale and favours the formation ot a super-refract- 

6— 1778P. — 9 
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ing layer. The dependability of the observed values of the wet-bulb tempera- 
ture has not been questioned in the present paper and is subject to further 
investigation. 
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ON THE MEASUREMENT OF THE ANGULAR CORRELA- 
TION BETWEEN TWO GAMMA RAYS OF NICKEL (60)* 

By SUDHANSU das ANi> SUNIL KUMAR SKN 

{Received for publica^on, August 7, 7951) 

ABSTRACT. The angular correlation ^between the two cascade gamma rays of 
transitions has been measured, usilpg Geiger MQller counters. The source was in 
the form of C0CI2 solution. From the correlation function W (<^) of Hamilton, the curve 

• plotted against 0 , wase?ylained with tjbe assumption that the two radiations are 

octopole-octopole in nature. An alternative ipi^-Parity scheme of transilionH 

has been suggested. 

INTRODUCTION 

The method of delermining change of angular momentum from life time 
of a metastable state has its natural limitations when the gamma rays have 
large disintegration constant, that is, half-lives shorter than lo " second. In 
this region, the measurement of angular correlation of the successive gamma 
rays has been suggested, following the W'ork of Hamilton (1940) who showed 
that there is correlation between the angle of emission of gamma rays and 
the spin change associated with the transition. The gamma rays from 
excited Ni*® following the emission of ^-rays from 5.3 years Co*-® have been 
studied. Such attempts have been made previously by Brady and Deutsch 
(1950) which we have repeated and extended. Dunworth (i 94 <>) first suggested 
that there might be some angular correlation between the directions of 
emission of two successive gamma rays emitted by a nucleus ^ when this 
passes from an excited level A to the ground level C by way of definite inter- 
mediate level B. . 

On Dunworth ’s suggestion, the problem was theoretically investigated 

by Hamilton (1940) according to whom the probability of the secon 
quantum to be emitted at an angle 6 with respect to the first per unit 
solid angle in cascade emission is given by the series, 

cos®*^ 

= i + ai cos*^ + a2 cos^^ + fts cos* 6 *+ ••• 

where I is the multipole order of the gamma rays present in the transitions 

and the coefficient a*s are constants but are functions of /a and Js. the 

respective spin values of the initial, intermediate and final states of tie 

nucleus. For dipole-dipole transition, /•= i, the equation i) ecoine 

= i + cos®^, 

and for quadrupole-quadrupole transitions 

W(^) “ I + a, cos* ^ + o* cos*« , • • • '' 3 ^ 

* Communicated by Prof. M. N. Saha. 
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and similarly for other higher poles. If, however, in the above case one of 
the transitions is dipole i.e. dipole-quadrupole or quadrupole-dipole, on 
explicit computation of a’s it has been found (Hamiltou 1940) that a.^ becomes 
zero and (3) reduces to 

= cos“6> 

In general, the number of terms in cos 6 in equation (ij will be 
deternnncd by the lowest order multipole present in the transitions. 

/i> /s' Ja take values depending on the type of radiation. For dipole-dipole 
transitions, J i— J 2 — J Ja—o ox ±1, and a, may take any value. Hamilton 
(1940) has calculated the values of a, for dipole-dipole, dipole-quadrupole and 
those of quadrupolc-quadrupolc radiations for all possible values of /j, /a and /a- 

The values of the coefficients for octopole and of higher raultipole order 
radiations have not yet been worked out. 

From equation (i) it will be seen that at 0 — 90", lV( 0 ) = j. Thus W(&) 

in equation fi) represents also the ratio of the probability of gamma rays 
emitted at an angle 6 to that emitted at go'’. 

The experimental verification is obtained by observing coincidence rates 
between successive gamma rays at different angles. Such experiments have 
been carried out during the last few years. The experiments have borne 
out Hamilton’s idea of the existence of such correlation between successive 
gamma rays emitted by a nucleus and have given plausible numerical values 
for the spin changes in certain nuclei. 

EXPERIMENT A Iv ARRAN OEM 1C Nl' AND DICTAII^S 

The disintegration of Co*’" has been thoroughly investigated by Dcutsch, 
Elliot and Roberts (1945; and the results are show’u in figure 4. We find 
that tv\o gamma rays are emitted in cascade fioni the excited state of Ni“". 
We have studied the angular correlation between these two gamma rays. 
The experimental arrangement is shown in figure i. 



Fig. I 

Schematic diagram of the experimental arrangement 
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^TiguldT Cottclation between two y-roys o/ 


Two similar gamma counters, C^yC^ are placed symmetrically at their 
end-on positions with respect to the source on a turntable 1 \ graduated in 
degrees. One of the counters, Ci, is fixed in its position while the othert'2, 
is free such that it can be rotated about the axis of the tunitabie with the 
source as centre and then fixed at any position 011 it. The source. 5.3 years 
Co*®, was in the form of cobalt chloride solution contained in a cylindrical 
glass capsule of 0.8 centimetre diain^er and its axis coincided with that of 
the turntable. 

The effective ends of the counters were found by coincidence 
exi^eriments with a radium source aiid^taking this into account, the counters 
were placed in such a way that these (2ffe» live ends of both the counters were 
just ten centimetres away from the ^centre of the source. The diameter of 
the counters was t. 8 centimetres |and the angular re.solution of the 
arrangements was 10'’ 18'. 

The thickness of the glass capsule containing the source and the glass 
thicknesses of the counters were calculated to be sufficient lo eul off all 


primary beta rays emitted by the disintegrating nuclei. 

Since the gamma lays of Ni®*' are faiily energetic*, r.i andi.3Mev, 
it was apprehended that Compton scatteiing might give rise to stray 
coincidence counts. To see the effect of scattering we have observed 
coincidence and single counts of Ihe couutcis at 180 degrees and at go degrees 
under varied conditions, namely, (a) the counters coveicd with lead shield of 
thickness -g inch; (b) with a thick lead sheet of one centimetre thickness 
between the counters as partition; fr) with the source itself covered with 
thin lead sheet; (d) with the ends of the counters covered with thin aluminium 
sheet and (e) with no absorbers on and near about the counters. These 
general tests showed definitely that the presence of any material near the 
source or the counters inci cased the scatteiing effect- We found that except 


for the last case, the scattering effect had always decreased the ratio 


T^tt) 
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The results of these experiments are given in thelTable I. We used, therefore, 
a minimum amount of material for. mounting the counters and source- 
holders and avoided any material in the form of absorbers. The symmetry 
o) the moving counter about the source was assured by observing the 
equality in single counts at different positions on the turntable with the 
source at the centre. 

The output pulses from the counters (figure 2 ) are first applied to the grids 
of the two cathode follower type quenching circuits and then to Rossi type 
coincidence circuit using two 6SJ7 valves. The output of the coincidence 
circuit is fed to the input of a discriminator, which is essentially an one-shot 
multivibrator triggered only by pulses above a pre-determined amplitude. 
This removes the partials, if any, from the coincidence stage. The square 
top negative pulse from the discriminator operates a standard laboratory 
128 scaler circuit. 

Highly stabilised power supplies were used for the electronic recording 
circuits and the counters. The A.C. mains supply was also stabilised by 
a magnetic stabiliser. 

The resolving time of the coincidence circuit was determined from the 
measurements of random coincidence counts due to two uncorrelated sources 
such as Co*® and radium. The resolving time of the circuit was found 
to be of the order of 0.4 microsecond. 

The experiment on Co"® consisted of taking coincidence rates between 
two gamma rays at different angles between the two counters and the number 
of individual counts in each counter at every position, both before and after 
each observation. Every time the random coincidence rates due to two 
gamma rays from two different nuclei were subtracted from the total coin- 
cidence rates to get the genuine coincidence rates. 



• Fig. 2 

Circait diagram of the conicidence and re<iordiog nnit 
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Angular Correlation ^between two y-rays of 

EXPKKImRNTAI^ RF, SUtrTS 

The experimental results are shown in figure 3. The ordinate gives 
-he ratio of the coincidence rates at any angle 8 to that at t^o degrees and 

the abscissa denotes the angle between the axis of the free counter and that 
of the fixed counter. 



Fki. 3 

ICxperimental ciirv'e for the an^^ttlar t*(^rrelatif>n of ihe tu<) j^aninia rays o{ 

The best fit of our experimental curve, within the statistical error, is 
found with the equation, 

fV( 8 ) = T + aj cos®^ + a3 cos*^ + rt;, cos®^, (4) 

in which the values of the coefficients are given as a, = 1.333, a2= -2.707, 
as = 1.824, 

This shows that the lowest multipole order present in the gamma ray 
transitions from Ni*" is octopole t.e. / = 3. Since the values of the coeffici- 
ents of cos 8 for octopole and higher multipole order I'adiations have not been 
calculated, we could not assign the definite spin values of Ni®’’. But our 
experiments tend to prove that one of the radiations is octopole while the 
other is, at least, octopole or higher multipole order. From the above con- 
siderations we, however, assign the angular momenta of the states of Ni®® 
as 6, 3, o, which accord with the spin assignment of the / 3 “-ray transitions 
from Co"®. 

DISCUSSfON 

It is interesting to note that contrary to previous results of other workers 
(Brady and Deutsch, 1950) whose results showed quadrupole-quadrupole 
transition in Ni"®, our experiment speaks in favour of octopole-octopole case. 
How far we are justified in this conclusion, can be understood mainly from 
two standpoints. The first is that the experimental points when plotted 
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against ^ yield a curve, the best fit of which can only be made out with 
the equation (4) and our trials with cos“<? and cos^^ only have produced 
curves of entirely different natures from the experimental mean curve. The 
appearance of cos *‘<9 term in equation (41 forced us to conclude that the 
minimum value of I should be 3. 

The olhei feature of our result is that the ratio ^7—-; — is 1.45 which is 

N'n/z) 

rather higher than the results obtained by Brady aud Deutsch whose value 
is 1. 1 7. 

We further lend our support of the above conclusion from the experi- 
ment of Deutsch and Siegbahn (1950) who approached the profblem by an 
entirely diffeient method, namely the measurement of internal conversion 
coefficients of the two gamma rays of Ni"®. In assigning the multipolarity 
of these gamma rays of Ni”®, on the evidence of their measured conversion 
coefficient we quote Deutsch and Siegbahn, that “both radiations are either 
quadrupole or possibly octopole. Thus the first excited state has i^robably 
spin 2 or possibly 3”. Therefoie, our results lend to agree w'ith the findings 
of these authors. 
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Disintegiation and spm-paiity scheme of 


The existing spin-parity scheme of transitions is reproduced 

in figure 4 (a) along with the one proposed by us in {b) of figure 4 for 
elucidation, A ’glance at the schemes will show that figure 4- (b) is a parallel 
mode of spin-parity changes of figure 4- (a). 

It is also worthwhile to note that even with A/= ±3 for the excite^d 
state of have half lives less than 10*® seconds as calculated from 

Bethe’s formula and explain why attempts to detect the half lives of the 
isainiDa rays by delayed coincidence method failed* 
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CONCLUSION 


In view of our experimental results we may say that even with 
octopole-octopole transitioas it is possible to set up an alternative but self- 
consistent spin-parity scheme of the levels of Co*®->'Ni*“ transitions. It is, of 
course, not very clear to us why our cpincidence countings yielded such a 


high value of 


Nfn-l 

N{nl2) 


= 1.45 or stating otherwise, why other workers have 


got 


such a low value as 1.17. Our experience|during this experiment is that the 
scattering phenomenon always tends to Iflecrease the ratio. Since all these 
workers have used photo-electron multipliers as their detectors of gamma 
rays, they had to put the whole asser^bly in light tight metal chambers. 
As such, our surmise is that perhaps sca^eiing phenomenon was far more 
prominent than in our case and had pulled down the ratio to such a low value. 

Further work is being carried out in this laboratory using scintillation 
counteis to study the angular correlation of two gamma rays of Ni with 
arrangements eliminating all possible scattering effect. 
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ON THE ORIGIN OF LOW FREQUENCY RAMAN LINES 
IN PARA-DICHLORO BENZENE.* 


By A.-K. ray 

(Received for publication, September i 6 , 

\ 

'I 

Plale XVI 

ABSTRACT. The Raman spectra of thjft two type^^ of the crystals of para-dich loro- 
benzene have been reinvestigated at differeni temperatures. Oiie of the types was obtained 
by slowly cooling the melt (Type i) and a new line at 17 cin"^ was ohst*rved in the spec- 
trogram of this sani^jle at 45“C. An.'ther sample was prepared by suddenly cooling the 
melt (Type II) and at 28*C it yielded lines at 17, 40, 50 and 84 cm'*, but when this sr tuple 
was once cooled below o°C and brought back to 2S^C the line at 17 cm"* was found to split 
up into two lines at 13 and 27 cm" , and the line.s at 40 and 50 cm"* combined to form a 
luoad band at 52 cm"* All the six lines in the low-frequ^^ncy region were found to shift 
away from the Rayleigh line with the lowering t>f the temperature up to— 18 /C. 

It is pointed out that the different sets of lines in the low-frequency region observed 
in the case of the two t>pes is due to cooling of one of the crystals once down to a few 
degiees above oX and the change is irreversible. It is further pointed out that the 
single crystal, which was studied by Sakscua (1950), corrcsp.nds to the latter type mentioned 
above and the crystal in its life history might have been cooled down to a temperature 
a few degrees above o*C. 

The origin of these lines is discussed. The chnnges ob.served in the intensities and 
positions of the Raman lines due to intramolecular oscillations with solidification o t le 
substance are also discussed. 


introduction 

The Ranmn spectra... of para-dicblorobenseoe to the solid state was 

studied previously by a large number of workers. ' "^ 1 ° 

that para-dichlotobenzene in the solid slate (not cooled below dS G y.e 

a set of new Raman lines in the low-trequency reg.on and at tem^rstures 

below 35“C, the number and position of these hues e “* 8 e. 

Gupta (1036) studied the Raman spectra of this crystal at diffetcn en.per- 

-T5^ner-:n:.ecri^^^ 

itoes lifted to 46, 50. pa ctn- respe^iv^y w^c» ‘he crystal - 

in ice and again brought to about 3a At-tfio”C, 


* Communicated by Prof. S. C. Sirkar 
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Narain aud Saksena (1951) have reported the results of investigation on the 
Raman spectra of two types of crystals of para-dichlorobenzene, one of which 
is assumed by them to be a single crystal and the other a poly-crystalline 
mass. They have concluded that as these two types yield two different 
sets of Raman lines in the low frequency region, the structures of the two 
types are not probably the same. They have, however, overlooked the fact 
observed by Sirkar and Gupta (1936,1937) that the latter authors also observed 
two different sets of lines for the two types of the solid, one of which had 
once been cooled in ice and the other had not been cooled in that way, and 
that the X-ray investigaticn shewed identical stiucture for two types of 
the solid. Saksena (1950) has also suggested that in the type of the crystal 
which does not yield the line 27 cm"’, the molecule is rotating freely about 
an axis peipendicular to its plane, in the crj’stal lattice. Recently, an ini- 
pioved experimental arrangement was developed in this laboratory for study- 
ing the Raman spectra of organic crystals at different low temperatures 
(Bishui, 1948) and it was thought worthwhile to study the Raman spectra 
of the crystal of para-dichlorobenzene at different low temperatures to 
test the hypotheses put forward by previous workers regarding the origin 
of the lines in the low-frequency region. 

EXPERIMENTAL 

Para-dichlorobenzene. from May and Baker's oiigkial sealed bottles, 
was used for the present investigation. It was first crystallised out from 
a chemically pure benzene solution. The crystals were then melted under 
vacuum in a pyrex flask to which the container of pyrex glass used for the 
experimental observation w'as joined and the liquid was distilled in vacuum 
in the container which itself was kept at a temperature above 53 °C (melting 
point for para-dichlorobenzene). This process was repeated a number of 
times. The sealed container with the final distillate w’as put in a heater 
provided with two windows at right angles to each other and the temperature 
inside the heater was slowly lowered to 45 °C. The Raman spectra of the 
clear homogeneous crystal formed at this temperature, was studied with 
a Fuess glass spectrograph, as usual. Another sample was distilled in 
vacuum and condensed in a second jiyrex lube, but the molten mass was 
solidified qitickly, and cooled to about 28°C. I'he solid mass obtained in 
this way was not a single crystal and it was full of cracks. This type will be 
called Type II in the present paper. The Raman spectrum of this sample 
was first photographed at' room temperature (28°C). The tube containing 
the crystal was held vertically in a transparent Dewar vessel and the Raman 
spectra of this sample at about — i8o“C and - ioo“C were next studied. The 
sample was again brought to a temperature of a8'C and its Raman specti um 
was again photographed. The Raman spectrum of the substance in the liquid 
state at 60® C w’as also studied to test the purity of the substance. Each 
spectrogram contained also an iron-arc comparison. 
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RESUlvTS AND DISCUSSION 

The results are jfiveii in Table 1. In Table II, the frequency -shifts 
of the Raman lines in the low-frequency region have been compared with 
those observed by previous workers. Some of the si)ectrograms are re- 
produced in Plate XVI, figures i — 3. The low-frequency region enlarged 
about six times is reproduced in figures 4 — 7. 


(a) LINES IN T H I? I, O W-F R E Q U E N C Y R I<: G I O N 


P'rom Table II it is evident that besides the three lutes reported by Sirkar 
and Gupta {1936), a new line at »/ cm"’ is observed in the case of the crystal 
at 45°C. The line is found to persist even when the crystal is cooled down 
to But when the crystal i$ once cooled in liquid air and brought 

back to 2S“C, an entirely different set of five lines at 13, 27, 52, 94 and 127 
cm~* is observed in place of the lines at 17, 40, 50, 83 cm"”’ observed in 
the case of the crystal not cooled below It appears that the line 17 

cm~’ splits up into two lines at 13 and 27 cm~’ and the lines at 40 and 5<» cm 
combine to form a broad line at 52 cm"’- The line 83 cm ’ shifts to 94 cm 
and a new feeble line appears at 127 cm"'. Neither the line 17 cm"' observed 
in the case of the first type of the crystal nor the lines at 13 and 27 cm 
observed in the case of the crystal of Type II were observed by Sirkar and 
Gupta (1936;, probably because the quality of the spectral lines produced 
by the spectrograph used by them was not as good as in the present inves- 
tigation. The fact, however, that on once cooling the crystal to about 
o°C and again bringing it back to 32 ®C, a different set of lines was observed 
by them, is corroborated by the results obtained in the present investigation. 
It is also found in the present investigation that on merely cooling down 


the crystal of Type 1 from 45 °C and without allowing the crystal any time 
to come below 28°C, no change occurs in the positions of the lines in the 
low-frequency region. This also confirms the observation made by Sirkar 

and Gupta ^1936). , . 

The results obtained by Venkateswaran (193^) also seem to corroborate 

the fact observed previously by Sirkar and Gupta (1936) and in the present 
investigation that on merely cooling down the crystal from 45‘’C to 25'’C no 
change in the position of the lines takes place ; because at 25*C be observed 
abroad band at 48 cm"’ which may be assumed to represent the two lines 
at 43 and 55 cm"* observed by him at 45 ^ 0 . The frequency-shift of the 
other line obseived by him at 25‘’C stems to be too high. The value ought 
to be 83 cm-’ instead of 88 cm-’. He, however, did not investigate the 
Raman spectra of the crystal after cooling it down once to about o“C. 

Recently, Narain and Saksena (1951) have reported that they have 
observed two different sets of lines m low-frequency region for the first time 
in the case of two types of crystals of />-C«H.Cl,. They have stated that 
they have observed in the case of a single crystal of prepared by 
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slow cooling, three ne\v lines at 27, 54^ 94 and fn the case of a solid 

mass obtained by suddenly cooling the melt they observed these lines 
45# 57 2^nd 84 cm""*. It can be ssen from Table II that the latter set of 
lines corresponds to the three of the four lines observed in the present investi- 
gation in the case of the crystal obtained by cooling the molten mass very 
slowly (Type I) up to 45®C. This crystal was absolutely homogeneous and 


Table 1 

Para-dichloro-benzene (C6H4Cla) 


Melt at 60'' C ( 
Aw in cm'i 

rrystal at 45*0 ( 
Aw in cnr^ 

Crystal at 28' C 
Aw in cm"* 

( 

Crystal once cooled in liquid air 

Crystal at 28*0 C 
Aw in cm"i 

Xv^tal at about 
— loo^C. Aw in 
cm'' 

Crystal at about 
— i8o®C. Aw in 
cm'* 




i3(3)e.k 

n(3).k . 

11(3) b 


»7(3).l' 

i7(?).k 

27'4)e,K 

29(4)e.k 

3o(4)e,k 


4o(2)e,k 

4o(2)e,k 

52(4b)e,k 

53(3)e.b 

55(3)e.i,k 


5o<a)e,k 

5o(2)e,k 


S8(5^e,k 

6i(4s)e,k 


83(2b)e,k 

83(2b)e,k 

Q4^2b)e,k 

i02(3b)e,k 

io6(3s)e,k 




i27(i)e,k 

i27(i)e,k 

i27(o)e.k 

a9<^(4)e,k. 

306(4)6 k 

306(4)6, k 

3o8!4)e,k 

308(4)6 k 

3o8(4)e,k 

33»(6)e,fc, 

33i(6)e,k 

33 U 6 )e.k 

3-8(6)e,k 

328(6)e,k 

t'28(6)e,k 

63o(2)e,k. 

63o(2)e,k 

63o(2)e,k 

63i(4)e,k 

I 632 (4)0, k 

^^ 33 ( 4 )e.k 

675(o)e.k, 






747(5)e,k, 

747(5)*‘.k 

747(s)e,k 

746<5)e,k 

746(5)f,k 

746 (5)e,k 

i':6a{a)k, 

1056(2) k 

I056(i)k 

io 64 ( 2 )k 

J072(2 k 

1072(2)k 

io86(])e,kv 

io86(o),e 


1086(0 ',e 

1086 (o),e 

1086(0) ,e 

“09<s)e,k. 

iiQ9(7)e,k 

iio(,(7)e,k 

1 109^7)6, k 

iiJO(7)e,k 

iiio( )r,k 

n7o(o)k, - 



1170 o)e,k 

ii7o(o),k 

ii7o(o),k 

i| 83 (ob)e,k. 

i383(ob)e,k 

i383iob)e,k 

i383‘ob)c,k 

1383 (os)e,k 

1384(05)6 k 

i489(o>«,k, 



l489(o)€,k 

i489{o)e,k 

i489(os)e,k 

*573{7)«,k, 

i;s73.<a)eb 

I573(2;e.k 

I573(2)e»k 

i573(i)e.b 

1573 (^)«»k 

3o6g(iodil^k, 

3o72(io(ld)k 

3072(iodd)k 

3072 (4) k 

3072 (48) k 

3072 (4?'’) k 




3076 (6) k 

3076(68)k , 
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PLATE XVI 



tifj. 1 
Fig. 2. 
Fi.g3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 


Raman spectra of para-dichlorobenzenc 


- Do 
. Do 

- Do 

- Di 

- Do 

- Do 


liquid at 60 C. 

solid (once cooled in liqu d oxygen) at C. 

solid at about — 180 C. 

solid (once cooled below ^C.) at .-8 C. 

solid (not cooled below 45"C.) at 45 C. 

solid at abuot— 180'C 

solid at about — lOO^C. 
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Low-frequency Raman lines in i*ara-dichlorobenzene. 
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approached in structure a single crystal. The lines in the low- frequency 
region due to such a single crystal are identical with those due to a poly- 
crystalline mass (not cooled up to o°C) observed by Narain and Saksena 
Only the line at 17 cm"* which is rather faint was .not observed by 
the latter authors. On the other hand, the three lines observed by them in 
the case of their crystal of Type I, which was assumed to be a single crystal 
by them, agree with the three of the lines observed in the present investiga- 
tion in the case of a poly-crystalline mass which had been once cooled down 
to a temperature below o°C. Hence the hypothesis put forward by Saksena 
(1950) that the line 27 cm"* is a characteristic of a single crystal and that 
the lines 27, 54, 94 cm"* are produced in stjch a single crystal, while the 
other set of the Raman lines in the region is produced by the disoriented 
crystal is contradicted by the results obtained in the present investigation. 
The change in the positions of these lines occur only when the crystal is 
cooled down to about o°C and hence the specimen assumed by Saksena (1950) 
to be a single crystal, must have been cooled down to a few degrees above 
o^C during winter, although he has not stated it in the history of the crystal 
given by him. It is also seen that the line at 27 cm"* is not exactly a new' 
line characteristic of Type II of the present investigation, because the broad 
line observed at 1 7 cm"* in the case of the crystal not cooled any time to o^C 
splits up into two lines at 13 and 27 cm"* on once cooling the crystal to 
about o®C. As it has been shown by Sirkar and Gupta (1937) that no change 
takes place in the crystal structure of />-dichlorobenzene on cooling the 
single crystal once to about o°C and bringing it back to about 32 ®C, the 
changes mentioned above cannot be due to any change in the lattice. So 
the suggestion made by Saksena {1950I that the structure of the single crystal 
used by him is different from that of the other type obtained by suddenly 
cooling the molten mass is not based on any experimental fact. 

The new lines were attributed to association of the molecules in the 
lattice by Sirkar and Gupta (1936). According to the hypothesis put forward 
by Kastler and Rousset (1941) and Bhagavantani {1941) these lines are due 
to angular oscillations of the molecules pivoted in the crystal lattice. As 
pointed out in previous papers (Sirkar and Ray, 1950 ; Ray, 1950, 1951) 
these two hypotheses can be tested by studying the influence of temperature 
on the crystals on the number, position and intensities of the lines in the 
low-frequency region. Rousset (1948) assumed the line 27 cm"' to be due 
to asymmetric angular oscillation of the pair of molecules in the unit cell 
of the lattice about an axis perpendicular to the plane of the molecule and a 
symmetric mode of this type yields a line at 47.5 cm"*. The antisymmetric 
mode of oscillation of the pair of molecules about an axis in the plane of the 
molecule and perpendicular to the line joining the C— Cl line is assumed to 
yield a line at 47.5 cm"*. The symmetric mode of the latter oscillation is 
assumed to give a line at 56 cm"’. In the present investigation, however, 
the crystal once cooled in liquid oxygen, and brought back to 28® C has 
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yielded five lines at 13.27,5^,94 and 127 cm"'. The line at 52 cm~ is a 
broad band which splits up into two lines at 53 and 58 cm~‘ at -roo”C. 
The lines at 13 and 27 ctn~' are very sharp and they shift very slightly in 
opposite directions on lowering the temperature of the crystal to — iSo^C. 
Hence Rousset's assignment cannot be assumed to be correct, because the 
line at 27 cm~' is connected intimately with the line at 13 cm~‘ as both 
originate from the line 17 cm"’ , Further, if the lines were due to angular 
oscillations of the molecules in the Vander Waal s’ field in the lattice, such 
wide separation of the lines due to symmetric and anli-symmetric modes of 
oscillation would not have taken place. In fact, such a separation would 
indicate strong coupling between the two molecules in the unit cell. Also, 
the value of the frequency, especially that of the line at 94 cm~' would 
indicate a large value of the force of restitution which is hundred limes 
larger than the Vander Waals’ forces even if the oscillation is ‘assumed to be 

an angular one, as pointed out by Sirkar (1951). Further, the frequencies 
of the four lines observed at 28°C cannot be explained by taking into 
account the appropriate moments of inertia of the molecule about its three 
axes and assuming the value of v to be given by the equation 


* = 

^ Ann 

It has previously been pointed out by the present author (Ray. 1951) that 
the positions of some of the newlines in the low-freqncncy region in some 
substituted benzene compounds do not depend on the moments of inertia of 
the molecules. The intensities of the lines in the low-frccjuency region do 
not seem to diminish appreciably when the crystal of para-dichloro-benzene is 
cooled down to - i 8 o°C. Hence these results, as well as those obtained m the 
previous investigations do not support the theory put forward by Kastler 
and Rousset (iQ 4 i) and by Bhagavantam {1941) ‘hat the lines ate due to 
angular oscillations of the molecules in the Vander Waals’ field in the lattice. 

Recently, Korshunov (1950) lias reported 9 new lines at 8 , 17^ 27.5. 
35 , 47 . 5 , 48.7. 56. 72 and 93 cm"' in the case of one modification of 
Ind he has assigned six of these lines to rotational oscillaUons and three 
8 17 and 3 «; ciirM to the translational oscillation. He has staled 
L“Lamy of .he oryeta. has allowed .he .a..er three forbidden 
oscillations in the Raman effect. These results are not m 
with those observed in the present investiption. because the tyPe 
yields the line 27-5 cm" does not yield the line:i 7 cm" There ts, of cour«. 
a line at 13 cm' which is rather sharp. As regards the lines at 8 , 35 and 
72 cm- the spectrograms obtained in the present investigation ^ 

them. On the other hand, there is an extra line at 127 cm . The Pre^nce 
Of the line at 8 cm- could not be detected “ 

because the spectrograph itself produces a line in this position. The 
postulate that non-ideality of the crystal is responsible for the appearance 
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o£ forbidden Hues is rather vague, because the nature of non-ideality is not 
specified, and the difficulties in explaining the origin of the other six lines 
mentioned above are present in the explanation offered by Korshunov. 
The postulate given by Sirkat and Gupta (1936) that virtual bonds between 
neighbouring molecules alter the polarisahility of the pair of molecules 
during oscillation against each other is more specific and all the properties of 
the lines in the low-frequency region can be explained on this 'hypothesis. 

(h) Intramolecular oscillations. As regards the frequency-shifts of 
the lines due to intramolecular oscillations, the changes observed with the 
solidification of the melt are not remarkable, excepting that the line at 
296 cm”' shifts to 306 cm“' on solidifying the melt. But when the substance 
is once cooled in liquid oxygen and again brought back to the lines 

at 306 cm~' and 331 cm”* shift respectively to 308 and 32S cm”*. This 
change is the same as that observed by Sirkar and Gupta (1936) on cooling 
the crystal once in ice and bringing it back to 32‘’C. The line at 3068 cm”* 
shifts to the higher wave-length side aud splits up into two components at 
3072 and 3076 cm”’ respectively, when the melt is solidified and is further 
cooled down up to — i8o®C. 

The frequencies of the lines due to C-Cl and C = C valence oscillations 
are not found to be affected much with the lowering of temperature up to 
— 180' C. It is evident that the asymmetry in the lattice field is responsible 
for the splitting up of the symmetric C-H oscillation into two components 
at- 180” C. 

Although the positions of the other lines due to intramolecular oscilla- 
tions remain the same with the solidification of the substance, the intensities 
of two of these lines undergo remarkable changes. It can be seen from 
Table 1 as well as from figures i — 4 , Plate XVI, that the intensity of the line 
1573 cm”* due to the liquid is larger than that of the line 1109 cm”*, but 
in the case of the solid the line at 1573 cm”* is much feebler than the line 
at 1109 cm”'. Again the lines H09 cm”* and 747 cm”* have almost the same 
intensity in the case of the liquid while in the case of the solid the former 
line becomes more intense. As the line 1573 cm”* can be attributed to the 
presence of C = C bond in the ring, it appears that the, number of such bonds 
in the molecule in the solid state is smaller than that in the liquid state. 
If this assumption be true, it leads to the conclusion that probably in the 
case of this compound having a benzene ring in the molecule, association 
takes place in the solid through one of the C=C bonds. Such a hypothesis 
has, however, to be tested only by studying the Raman spectra of other 
similar molecules. 

The sharpness of all the prominent Raman lines at 2S®C and their 
further sharpening at lower temperatures in the present investigation indicate 
that the scattering is incoherent and 'S actually due to the oscillations in the 
individual molecule in the unit cell. That the probability of the simultaneous 



.aman lines in Para-dicPilorohenzene 


467 


occurrence of the same mode of oscillation for all the molecules in the unit 
cell is less than that for random oscillations, has been pointed out by Sirkar 
and Ray (1950) and the results obtained in the present investigation also 
corroborate such a view. 
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INFLUENCE OF THE ELECTRODE-SURFACE ON THE 
JOSHI-EFFECT IN CHLORINE 

By P. G. DEO 

{Received for publication, April 4, igst) 

ABSTRACT. Joshi-effect was studied in 162 mm Hg pressure chlorine contained in 
five ozonizers of different lengths but of identical electrode diameters in the potential 

range 1-8 kV. Both the net and relative Jos hi-effect increased by increasing the ozonizer 

length which is a measure of the excited electrode area. This increase sliows saturation 
specially at low exciting potential^. The results are in accord with Jo.shi's theory that 
an adsorption-like electrode surface layer consisting of ions and electrons derived fiom the 
discharge space is a primary seat of this phenomenon. 

The spectrum of chlorine under conditions productive of a large Joshi- 
effecl At consisted (Joshi, 1943 » Deo, 1948) almost entirely of faint bands 
duetoCU"". The absence of any emission spectrum characteristic of atomic 
chlorine 'suggested that any reaction involving the latter was confined to the 
container surface- The surface sensitivity of At was also illustrated by the 
remarkable influence on its magnitude and even sign due to increase of 
surface to volume ratio by introducing powdered wall material in the dis- 
charge space (Sliuklai I949^ This procedure, however, alters the field 
strength and the nature of the discharge and irradiation. It appeared, 
therefore, desirable to study the surface dependance of At under comparable 
conditions. 


EXPERIMENTAL 

Five ozonizers Sj, S2, S3, Si and S., (figure of lengths 19.5, 15.8, 7.9, 
3.1 and 1.9 cm respectively, were prepared from the same pair of glass tubes. 



Fig, I 


Electrode-surface on Joshi-e0ect in Chlorine 469 

They were filled carefully with purified chlorine from a given stock at the 
same pressure, viz^ 162 inm Hg and excited by a transformer discharge. 
Each of the inner electrodes, formed with a saline solution, was connected to a 
common high tension line through a switch. The low tension electrodes 
formed with a solenoid-like winding of copper wire in well-spaced turns over 
the outer tubes were connected similarly to a common line which was earthed 
through a vaciio-junctioii feeding a mirror galvanometer. With a 180 volt, 
200 watt bulb as the light source, the potential current characteristics V-i 
were observed in dark and under light, when (ii all the ozoni/.cis S,, ^3, 
53, 54 and 5 ;, connected in parallel were excited ; and when each of them 
(ii) S2, (iii) (iv' wSg, <vj .S4, and' (vi) S„ was excited separaicly. The 
results of the observations are given iit Table T (figure 2). 



P'lG. 2 
TabIvE I 






^70 


P. G. Deo 

DISCUSvSION 


In a discharge tube of ozonizei type the entire surface is due to the 
electrodes. At a given applied potential, the nature of the field at the 
electrodes and in the gas phase, and especially the electrode asymmetry 
(Deb and Ohosh, 1946) determined by the ratio of the radius of the outer to 
that of the inner electrode is sensibly the same, viz, 5. 5/3-3 in all the systems 

‘^1 Ss ; the area of the electrode surface given by the ozonizer length is 

the only variable so far as the study of At is concerned. It is interesting to 
observe ( Table I) that at a given potential, kV, applied to the ozonizer, the 
magnitudes of At and %Ai are in the order Si>S^>Su>S^>S 6 . Thus, e-g. 
at 5"34 kV, the magnitudes of %At in S, , S2, S'-,, S4 and S's are respectively 
32, 25, 14, II and 6, i.e. ceteris paribus the Joshi-effect increases by increas- 
ing the net excited surface. In each case the magnitude of At increases 
with kV, whereas, that of %Ai decreases, which is in accord with the 
generality of the results about this phenomenon (Deo, 1944 ; Prasad 1948). 

Curves in figure 2 relate with the ozonizer length (which is aaineasure 
of the excited electrode area) the relative Joshi-effcct %Aj = iooAj7i dark. 
Hssentially similar curves (not shown) are obtained by plotting Af. 
lioth Ai and %Aj increase by increasing the electrode surface. This increase 
is practically linear at large kV and slows off at smaller ones, indicative of a 
saturation effect. This is also brought out by considering the values of 
Ai and %Ai when all the ozonizers Avere connected in parallel. This is 
equivalent to a first approximation to a single ozonizer of area corresponding 
to 19.5 + 15.8 + 7.9 + 3.1 -f 1 .9 = 48. 2 cm. The observed A; and %Ai at each 
of the series of applied kV for the combined system, are less than those to be 
anticipated by an extrapolation of the Ai and %Af versus electrode length 
curves in figure 2, due to a saturation. 

It is known iMcBain, 1932) that the glass surfaces take up variable 
quantities of gases, and that this process may be favoured by the application 
of an electric field. This is illustrated by the well known clean up pheno- 
menon, e-g. the hardening of the X-ray tubes. Its simplest view is that the 
charged ions penetrate into the wall. According to Campbell (1920, 1921, 
1922, 1924) neutral atoms or excited molecules produced under the discharge 
also take part in the process. Since rare gases also ‘ clean up/ it is suggested 
that the reaction may be of the physical type. With reactive substances, 
cheii.o-sorption is, how'ever, possible. Langmuir ^1912, 1913, 1915, igi6, 
1919) rcgaids the ‘ clean up ’ of practically all except the inert gases as 
purely chemical in nature. Kodebush and Xlingelhoefer (1933), working 
with chlorine subjected to an electrodeless high frequency discharge in a 
glass bulb, observed a white wall deposit attributed by them to chemo- 
soiption. 

It is important to note that in all the above type of reactions the gas 
pressures are much lower than those now employed. An adsorption like 
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electrode layer would appear to be a deteruiinaut in the production of At. 
Rao (i945> I94b) observed that Ai in chlorine-air mixtures (ratio i ; i) 
decreased but little, when the system was evacuated completely with a topler 
(but not degassed), and the mixture was replaced bv air alone at the original 
pressure. That the completion of this layer is a time reaction was suggested 
(Deo, 1945), since no .sensible ‘ aging effect ' obtained in the ozonizer after 
use for about one and a half years; and that when freshlj’^ prepared, Aj was 
found to vary appreciably with the time of exposure to the discharge. 
This was attributed to an interaction between the 'electrode' wall material 
and activated gas undei the discharge. Ramanamurti (ip.jS) observed that 
in a freshly prepared chlorine-filled so/.onizer, the time-development of Ai 
follows equation for * fiisl order ’ reaction. It is suggested that the boundary 
layer formed during discharge is due to chemo-sorption involving electron 
transference (Ramanamnrti, 19.48). 

According to Rcbbcck and b'nrguson (1924) the electiical conductivity of 
glass is not affected sensibly by sorbed gases. They, in some cases, how’ever, 
influence remarkably tlie conductivity of solids for high frcrjuency currents, 
due to a change in the electrical capacity by sorption. This last might 
affect the accommodation coefficiLiit, i.c. the degree to which reflected {(,regg, 
1933) particle adjusts its energy to the reflecting surface. It is difficult to 
envisage how’ the.se processes would cause a large change in the rclaUve 
Joshi-effcct by variation of the electrode aie-a 5 ,.. .. -S... h'ormation of an 
adsorption layer under discharge appears to be fairly ccrlain as the first 
stage ill the production of Ai. The subsequent stages according to Joshi 
(1946, 1947), are the l mission of elections under in ad iat ion Irom this layer ; 

and their subsequent capture by chlorine atoms resulting in the slow negative 
ions, causing A/ as a space charge effect. 

A C K N f) \V b K 1) r , M K N T S 
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F»ERF0R\1ANCE OF SESSILE DROP IN SURFACE 
TENSION MEASUREMENTS 

By N. R. TAWDH and K. G. PARVATIKAR 

(Received )ot publication, November ii, igso) 

ABSTRACT:. In an attempt to improve the method of .ses«ile drop for accurate 
surface tension measurements, Tayior and Afexander have fitted up an empirical relation 
by which the values of h/r are related to in a tabular form. In this paper a similar 
table has been drawn up, but from fu’Kl^mental con.sideralion.s, using Hashforth and 
Adams’s tables. A comparative fresh experimental study of both is also presentetl. 

The method of sessile drop for measuiemenl of surface tension was 
placed oil better foundations for exact work as a result of the critical study 
of it by Taylor and Alexander >'1944). IheSe authors have fitted up an 
empirical equation of the form similar to Potter’s (1933), hiit of more 
accurate type to connect hjr with (i‘ jr^. 

In the sessile drop, the quantities to be measured are h, the height of 
it above the equatorial plane, and r the radius of it in that plane. The ratio 
h/r is then related to a'''/r® where a* is the capillary constant which connects the 
surface tension y by the relation. 


go- 

o- being the density of the liquid, or more precisely cr^di-d^, where 
<ii = density of the liquid and ds that of the saturated air. Thus the final 
derivation of surface tension from measured quantities involves the use of 
tabular functions connecting /t/r with a*/r®. It is shown here that such a 
tabular function is obtainable by modifying the standard tables of Bashforth 
and Adams (1883). 

As shown by Adam (1941), the capillary equation for sessile drop can 
be put in the form 


I ^ sin <p 
p/b x/h 



(2) 


where (involving the capillary constant a*, defined already), .vis the 

horizontal co-ordinate with respect to origin taken at the uppermost point 
of the drop, h is the radius of curvature at the origin, ^ is the inclination of 
the surface at any point to the horizontal, and p is the radius of curvature 
in the vertical section at that point. 1 
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Bashforth and Adams, giving numerical solution of this equation, have 
drawn up a table of x/b and z/b for many values of p and , 5 , These tables 
are yet known to be the standard work on the phenomena of capillary 
action. Obviously, for the purposes of present problem of sessile drop, 
the relevant values of ^ range from as to xoo for ^*»qo° (this being the 
inclination of the surface to the horizontal). 


Now', 


^ = A, = 

r Xe X,/6 


(3) 


and 



(since 




therefore. 



a~ 

X,“ 


ab® _ 2 

/ 9 X> /8(X./b'r’ 


fs/ 


Knowing Ze/b and Xeib from Bashforth and Adams’ tables we could 
calculate /t/r from Hq. (3) and a^ir" from Kq. (5). These computed values 
are given in Table I. 

This table thus drawn up is parallel to Taylor and Alexander's table. 
Tablg I allows for direct interpolation of intermediate values of h/ r. 
A more detailed table can also be derived by using any intermediate 
values of /8. Close scrutiny has shown that a'/r“ values of Table I agree 
with those of Taylor and Alexander closely at the ratio fo/V— 0.48153. 
In the region above it, they are smaller, while below it, they are greater 
than Taylor and Alexander’s values. 

It is possible to compare the usefulness of these tabular values with Taylor 
and Alexander’s empirical derivations. This is done here by making use 
of the available experimental measurements of Taylor and Alexander (1944) 
on sessile drop and referring them to this table for the purposes of the 
derivation of surface tension. 'Table II has been drawn up to show' 
the two sets of results side by side. In the main columns two and 
four of the table are reproduced the observed values of hjr and r by Taylor 
and Alexander. Column three gives side by side a.*/ r* derived from Taylor 
and Alexander’s empirical relation and from Table I above respectively. 
The last column shows the computed values of y, the surface tension, 
corresponding to each of the two readings of a*/r®. 

The comparison shows that values of the new table differ more or 
less systematically from the values of Taylor and Alexander by a small 
margin, but not beyond the limits of error stated by Taylor and Alexander, 
viz., 0.3 in 1000. But there are unsystematic large fluctuations in the 
r^ulting values of surface tension of the successive observations. They 
might be a consequence of imperfections and want of precision in experi* 
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Table I 


0 

h/r 

a»/r* 

0 

hit 

a*/r* 

25.0 

0.56006 

0.34509 

520 

0.5026a 

0-25409 

26.0 

0.55679 

0 339^0 

54.0 

0.49988 

0.25040 

27 0 

0.55366 

0.33348 

56.0 

0.49726 

0.24691 

aS-o 

0.55067 

0.32S19 

58.0 

0.49475 

0.24361 

29.0 

0.54781 

0.32320 

60.0 

0.49231 

0.24048 

30.0 

0.54504 

0.31848 

62.0 

0.49000 

0.22751 

$X-0 

0.54239 

0.31401 

64.0 

0.48776 

0.23468 

32.0 

0.53984 

0.30978 

66.0 

0.48561 

0.23198 

330 

0 53737 

0.3057.'? 

68.0 

0.48353 

0.229^2 

34-0 

0.53500 

0.30191 

70.0 

0.48153 

0.22696 

35*0 

0.53270 

0.29825 

72.0 

0.47958 

0.22462 

36.0 

0.53049 

0.29475 

74*0 

0-47771 

0.22237 

37-0 

1 0,52837 

0.29141 

76.0 

0.47588 

0.22021 

1 

38-0 

0.52629 

0.28821 

78.0 

0.47414 

0.21813 

39-0 

0.52426 

0.28514 

80.0 

0.47243 

0.21614 

40.0 

0.52231 

0.28219 

82 0 

0.47079 

0.2X423 

41.0 

0.52042 

0.27935 

84.0 

0.46917 

0.21238 

42,0 

0.51859 

0.27663 

86.0 

0 46761 

0.2X060 

43-0 

0.51680 

0.27402 

88.0 

0 46609 


44-0 

0,51506 

0.27151 

90.0 

0.46459 

0 2 P 72 ? 

45-0 

0.51337 

0.26Q05 

92.0 

0.46317 

0.20562 

46.0 

0.5J171 

0.26670 

94-0 

0.46176 

0.20407 

47-0 

0.51009 

0.26442 

96.0 

0.46041 

0.20257 

48.0 

0.50852 

0.26222 

98 0 

0.45908 

0 .201X1 

49 0 

0.50699 

0.2600Q 

100.0 

0.45778 

0.19970 

50 0 

0,50549 

0.25802 





mental technique. It »as. therefore, thought des.rable to SSJ?' 

d^endent eaperintental study of the sessile drop method of surf?.? tM^, 
to'aee if better precision could be attained in measurable qua^tipes. 

would also allow a fair comparative test of the performance of tlie two sffa 

of tabular functions. Water has been chosen as the hqui^ for 


a — *778P — xo 
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Tabl* II 


Surface tension of water at a 7 . 7 ®C 


Obs. No. 

hlr 

T & A 
reading's. 

d * lr ^ 

r in mm 
TSe A 

[ 

y in dynes/ cm at 

27.7*0. 

T& A’s 
Hmp. 
relation 

Present 

authots’ 

Tables 

T & A 

Present 

authors. 

X 

0.46997 

0.21321 

0.2x329 

8.3097 

71-68 

71.70 

2 

0.47283 

0.21655 

0.21660 I 

8 2344 

71.49 

71*50 

3 

0.48462 

0*23077 

0 23076 

7 9860 

71.66 

71 65 

4 

0.47846 

0.22324 

0.22327 

8.106a 

71*42 

71-43 

5 

0.47146 

0.21493 

0.21501 

8.2759 

71.68 

71.70 

6 

0.46505 

0.20760 

0.20772 

8.4071 

71*44 

71 48 


EXPB RIMENT AI^ 

The arrangement for the formation of sessile drops was prelected after 
many trials. It essentially consists of a U*tube ABC (C) (fiigure i). The 
short arm A has a bore of about a millimetre and external diameter of about 
I. a cm. The other tubes have a bore of 6 mm. This U-tube is mounted on 
a Sliding arrangement 5 which is fitted on a vertical block R with a heavy 
base provided with levelling screws. The drop is formed at the flat circular 
tip A of brass tuiie made accurately plane. The outer diameter of the tube 
was 12.094 ±0.003 mm; and this was one of the quantities in the estimation 
of magnification ratio. The plane of the tip A is adjusted horizontal by 
levelling screws. 

The drop'forming system described above was housed in a * thermostat 
provided with two glass windows on the opposite sides, one for admitting 
light and the other for receiving it via the drop. The thermostat consists of 
air chamber heated electrically and provided with an electronic temperature 
control gear. It was capable of giving a temperature regulation to within 
±o.i'*C and worked smoothly over long periods. 

As the method involved measurements on photographic images of drops, 
it needed optical parts free from chromatic and spherical aberrations. For 
this purpose a monochromatic radiation of sodium lamp and Raman effect 
camera were employed. A uniform illumination for the drop was obtained 
by* a collimating lens fixed to the back glass window of the thermostat. The 
whole assembly of the apparatus is shown in figure 2. 
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Fig. j 

A stable drop of double distilled water was formed on the flat end A by 
operating the pinch-cocks C and C\ A sharp picture of the outline of the 

sessile drop was projected on the camera plate (sJ" x zi"). The size of the 

picture was such that four pictures of it could be taken on a smgle plate. Of 
this set, three were reserved for independent fresh drops, formed one after 
another and the last exposure for the tip A withontthe drop to allow for measure- 
ment of linear quantities to compute the magnification ratio. A sample set of 
pictures taken on a single plate is reproduced in figure 3. The exposure 
time was six seconds. The temperature was maintained constant at 3o“C 
within the limits of variations stated already. Final negatives obtained under 
these conditions were subjected to measurements. 

Measurements of H and R on the pictures of the drop profile were made 
by a comparator capable of reading to 0.001 mm. Readings were repeated 

a number of times to obtain confirmation of the ratio H/R. By measuring 

width of the actual circular metal base A and its picture on the negative 
the magnification M was obtained. Knowing R and M. the radius r of the 
actual sessile drop was computed. 

Tw«aly independent drops were measured in this way and' the readings 
juceracofded in Table III. With the help of our values (Table I) and also 
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Tabi,b 111 

Surface tension of water at 3o®C 


Obs. 

No. 

BIB 

!■ 


R 

in mm 

H/R 

-^h}r 

r = R/M 
in mm 

(Tabular) 

a* in 
sq. ibni 

7 in 

dynes/cui 

1 

1 3859 

4 789 

8.950 

05350 

6.960 

O-3OI9I 
( ). 30208) 

14.624 

(14-633) 

(71.19) 

2 

f > 

4 8i2 

9.105 

0.5285 

7 080 

0.29161 

(0.29183) 

14.611 

(14.628) 

71.12 

( 7 i-* 7 ) 

3 

1.3875 

4-747 

8.667 

0.5477 

6.73* 

0.32302 

(0.32312) 

*4 634 
(*4-639) 

11.20 

(71.22) 

4 

*» 

4.773 

8.828 

0.5406 

6.856 

0.31104 

(0.31118) 

14.620 

(14.626) 

7 i -'3 

( 7 *-* 5 ) 

5 

I* 

4-833 

9.211 

0.5246 

7.154 

0.28574 

(0.28583) 

14.624 
(14 628) 

7**5 

(7 *17) 

6 

}» 

4772 

8 817 

0.5412 

6.848 

0 31206 
(0.31218) 

14.634 

(*4-639) 

71.20 

(71-22) 

7 

j* 

4-803 

9.010 

0.5330 

6.998 

0.29877 
(0 29889) 

14.628 

14-637) 

71.17 

(71-21) 

8 

i* 28 i 5 o 

4-805 

9.046 

0.5311 

7.034 

0 29572 
(0.29589) 

14-631 

(*4-637) 

71.18 

(71-22) 

9 

*9 

4.770 

8.827 

0.5403 

' 6.S63 

0.31054 

(0.31069) 

14 626 

(*4-633) 

71.16 

(71-19) 

lO 

9 t 

4 71S 

8.511 

0.5539 

6.618 

0.33391 

(0.33390) 

14.624 

(14.624) 

71.15 

( 71 - 15 ) 

11 

»9 

4-747 

8.695 

0.5459 

6 761 

0.31995 

(0.32005) 

*4-625 

(14.629) 

7*-*5 
( 7 * -19) 

12 

1 3126 

4 849 

S.893 

0 5452 

^•775 

0.31875 
(0 31887) 

14-630 

(14.636) 

^i.'*8 

( 7 *- 2 i) 

13 


4.841 

8.853 

0 5462 

6,744 

0.32148 

(0.32158) 

14.621 
(14 625) 

7 *; 13 
( 7 I- 15 ) 


** 

4-833 

8.809 

0.5486 

6.711 

0.32458 

(0.32466) 

14.618 

(14.621) 

71.12 

(71-13) 

1^5 

>1 

4-829 

8.787 

0.5495 

6.694 

0 32615 
(0 32621) 

14.614 
(14 617) 


i6 

1.2816 

4-774 

8.928 

0.5347 

6.966 

0.30144 

(0.30160) 

*4 627 
(* 4 - 63 'S) ' 

71.16 

ihm 

*7 

« f 

4 80s 

9 *32 

0.5261 

7.125 

0.28792 

(0.28812) 

14.616 

(14.626) 

fi'.it 

•(7**6) 

i8 

» 1 

4-798 

9075 

0.5287 

7.080 

0 29193 
(0.29214 

14-633 

(*4-643) 

71. 

(71.24) 

19 

1.2678 

4-889 

8.629 

0.5434 

6 806 

0 - 3 * 57 * 

(0.3*585) ^ 

14.624 

(14.630) 

•j'lNs 

(72-18) 

20 

»> 

4-774 

9-175 

0.5203 

7.125 

0.27917 

(0.27937) 

14617 ; 

(14.627) 

(71-16) 



.f .. .. ^ 

*'*•*'’ 





•# 41 * 
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^ tad Alexander, a“/r® have been found for measured ratio HfR 

{»l»/r). The latter are entered in brackets along with our values, and y deter- 
fhiifd fifom the equation 'i>. 



Fig. 3 

CONCI^USTOMS 

The mean value of surface tension obtained from these experiments by 
the use of functions drawn up in Table 1 is 71.15 ±0.05 dynes/cm at 3o®C. 
When reduced to 20®C for comparison with standard constants, it becomes 
73.62 ±0.05 dynes/cm, while the value so obtained by employing Taylor and 
Alexander's tables is 72.65+0.05 dynes/ cm. Both the results compare 
favourably with the adopted mean 78-75 io. 05 dynes/cm of the l.C.T. and 
are well within the limits of uncertainty of some of the modern results on this 
constant. 

The small divergence between the two means is to be attributed to the 
difiFereuces in the two sets of tabular Values. It was noted earlier that a*/ r* 
values obtained by using Bashforth and Adams’s tables are systematically 
greater than similar values of Taylor and Alexander by a small margin, but 
within the limits of errors stated by them. This may account for the small 
difiEerence in the two values of surface tension derived above. Therefore, as 
far as the two tables are concerned both appear to be of complarable precision. 
This investigation, therefore, shows that there is an alternative way of 
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drawing up the tables to that of Taylor and Alexander and it is equ^ly 
dependable for applicability to experimental measurements. 

As regards the relative merits of the technique used in these experitnentSi 
one is guided by the nature of consistency in the several independent read- 
ings. Unfortunately, for comparison* vve have only six independent obser- 
vations of Taylor and Alexander, as against twenty of this investigation. 
With this limitation of Taylor and Alexander's results, the calculated disper- 
sion of the mean result of surface tension from Taylor and Alexander's 
experiments is ±0.043 units, as against ±0.005 of the present experiments. 
The latter error which is about i/ioth of the probable error of Taylor and 
Alexander is a combined effect of relatively larger number of observations 
and the precision of technique. Choosing an equal number of readings viz., 
six at random from our experimental observations (Table III), we obtain 
the probable error of ±0.027 in the mean value of surface tension which is 
still smaller than the probable error ±0.043 nf Taylor and Alexander's 
measurements. This reduction in probable erior may be taken as an evidence 
of a fair measure of improvement in the experimental technique adopted in 
this work. It may be altiibuted to comparatively better control of tempera- 
ture and better precision in linear measurements. 
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ON AN AUTOMATIC WILSON CLOUD CHAMBER IN A 
MAGNETIC FIELD AND SOME ASSOCIATED 
TECHNIQUES* 

By RANJIT KUMAR DAS 
{Received for publication, September 22, igsO 

Plate XVll 

ABSTRACT. An one ton electroniagn^ for use in cosmic ray research with a sliallow 
clond chamber, has been installed in the Institute of Nuclear I’hvsics. T'or convenience 
in photography, one of the pole pieces has been bored. The field strength attainable with 
a current of 7 amperes is about 3630 gauss over the die 'tive region in the pole gap. A 
shallow cloud chamber, 2.5 cm deep and 15 cm in internal diameter, has been used. A 
complete description of the automati<‘ sequence control niechauisras ha-s been given. In 
automatic test runs, tbe performance of the apparatus has proved ijuite satisfactory. 

INTRODUCTION 

The importance of a properly calibrated magnetic field for some specific 
cosmic ray experiments cannot be over-estimated. For instance, in experi- 
ments on the determination of mass of cosmic ray particles from momentum 
loss in a metal plate of suitable thickness placed inside the cloud chamber, 
in finding out the energy spectrum of charged particle.s from measurement 
of curvatures, in distinguishing positive particles from negative ones and 
also, to fix tlie ratio of their numbers, a suitable magnetic field is a prerequi- 
site. Most of the modern cloud chambers are fitted with very powerful 
magnetic field producing devices. The electromagnets used by Kun/x (iQSS)* 
Anderson (1933), Blackett (1936), Hughes and Jones (1940) and others are 
very big* and massive ; they are capable of producing high fields at a com- 
paratively high power consumption. For the quantitative studies of cosmic 
ray particles in the high enetgy region of tbe energy spectrum, high fields 
are absolutely necessary. For the .study of particles in the low energy region, 
however, smaller fields can be conveniently produced with not too massive 
electromagnets, at a reasonable power consumption. Besides reducing the 
cost, the use of lesser amount of iron and copper for the electromagnet has 
the additional advantage of reducing undesirable scattering effect. 

With the above ends in view, and especially for experiments with a 
• shallow cloud chamber, we have installed an electro-magnet with other 
accessory mechanisms. A shallow cloud chamber, 2.5 cm deep and 15 cm 
in internal diameter, has been used. The very light diaphragm of the 
chamber has necessitated the development of an automatic electro-mechanical 
*Coiiunoiiicated by Prof. M. N. Saha, ]?. &. S. 
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device to keep the compressing pressure stabilized within a narrow range 
on either side of the optimum working value. The illumination for photo- 
graphing tracks is provided with an arc discharge flash lamp (F.T. 126, Int. 
G.E.C). A simple and reliable triggering circuit has been developed for 
firing the flash lamp. An objectionable feature of employing f^h V^^s 
in cloud chamber photography has been noticed and a simple electronic device 
has been made to counteract this. 

The details of the different parts of the entire unit are given under their 
respective headings. 

(a) The Electromagnet . — The electromagnet is horse-shoe shaped. 
The core proper weighs nearly 18 inds. (1440 lbs), each magnetising coil 2} 
mds. (aoo lbs) and the pole-piecess li mds (120 lbs) each. The magnetising 
coil consists of 20 layers (each 108 turns) of ii S. W-G. (about .345 cm) copper 
wire. The wire is silk covered, having a surface layer of lacquer to insure 
sufficient insulation. The total resistance of the magnetising coils is 3.5 
Ohms. The dimensions of the magnet and coils are given in figure i. The 

magnet has been seated on three massive stone chip pillars 94 cm high. To 

increase structural strength, the pillars have been interconnected ^jy 
of a reinforced transverse block lyi cm high. Liberal spacing h^s beef) k#pt 
between front pillars seating the pole-pieces so that, if occassion demands, 
about 70 cm of lead absorbers can be used underneath the cloud chamber. 
The magnet current is supplied from the laboratory 220 D.C. mains, using 
variable resistances to alter the magnetising current. Considering the si^iisfi- 
cal errors involved in the types of experiments that can be done \^i|h the 
apparatus, we have not felt it- necessary to introduce any current -stabilizing 
device at present. With the magnet running for 24 hours at a 6 

rating, the increase in the temperature of the core is just a littje QVPf i^C. 

This has been measured by means of thermometer dipped in m®tcpfy in a 
narrow hole drilled in the pole piece carrying the cloui chau^hfr* i® 
expected that with an air blast arrangement sufficient cooling can be pi-pducfd 
to push down the rise in temperature to i®C, which will not gfeatly ^jf|u|rb 
the performance of the chamber. 

The pole-piece facing the cloud chamber has a cylindrical hd}t pf 4i 
inch diameter and 9 inch axial length, so that photography 
directly. The hole has, of course, introduced a certain degree of nfaj^Tl^gifo^- 
mity and also a considerable amount of reduction in tfie effective ^pld 
strength. For this reason, the calibration of the magnetic field bggP 
done rather elaborately. A simple and specially designed search c^il <|®Fice 
has been used for the three dimensional mapping of the magnetic ^ejtd; P'pr 
this purpose, the entire pule gap has been divided into to planes' 

parallel to the pole faces, with a spacing of x cm between succesyive nlapes. 
Each of these planes, again, has been divided by 12 vertical apd ^o 
lines and field strengths at the points of intersections ineg^ptfd.* 
way the entire field space has been investigated. The )res|t}t8 fii jSi^d 



'Automatic Wilson Cloud Chamber in a Magnetic Field 483 



Perspective view of the magnet and supporting pillars (for clarity, right hand coil and 

pole-piece not shown) 

investigation have been graphically represented (figure 2). It has been found that 
for a given plane parallel to the pole faces, the deviation of the field strength 
near a peripheral region of about 2 cm is about 15 X> more e 

uniform value in the central region of that plane. It is seen from the plot 
that upto a distance of about 3 cm from the pole-piece supporting the cloud 
chamber, the fall in the field strength in the effective region is almost 
linear ; the field strength for the remaining region upto the drilled pole piece 
is sensibly constant. With the cloud chamber we have designed, the glass 
ring occupies the region of constant field strength. Thus, for all practical 

4— Z778P — 10 
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Distance from pole piece (in cm) — »• 

Fig. 2 

Variation of field in the effective reginn 

purposes, the same calibration curve will serve for chambers of different 
depths. 

ib) The magnet circuit breaking device . — It is well known that 
when a coil of large self inductance carrying a sufficiently heavy current is 
opened, a large back E.M.F. is developed at the points of opening and 
thus, the breaking switch is gradually damaged due to sparking. To 
obviate this, a very simple device has been used (figure 5). Two 150 watts, no 
volts lamps have been arranged in parallel with the magnet coils. Normal- 
ly, when the magnet is on, the lamps are off. Just prior to breaking the 
magnet current, the lamps are switched on, so that they glow due to the 
current from the mains. Now, when the mains are cut off, the magnet 
coils and the lamp filaments fall in series, so that the surge current due to 
the back E M.F. finds a closed path of considerable resistance. Conse* 
quently, the damage due to the heavy sparking in the open circuit is avoided. 

The cloud chamber . — sectional diagram of the cloud chamber is 
given in figure 8. The bottom of the chamber has been specially designed 
to fit closely the protruding disc on the pole-piece on which it is secured by 
means of two radial screws. 
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The diaphragm of the cloud chamber has been made of two 5 inch 
circular aluminium discs 1/16 inch thick, with a larger diameter rubber-cloth 
sand-wiched between them by means of a large number of peripheral rivets. 
Thus constructed, the diaphragm is very light and hence, fast in action. 
The requisite expansion ratio is controlled by means ‘ of three lateral conical 
plugs carrying wedge-pieces at their ends. The conical plugs have been 
very carefully ground to reduce the air leakage from the back compartment 
as far as possible. The forward position of the diaphragm is limited by the 
brass ring on which the glass ring of the cloud chamber has been mounted ; 
the backward position (that is, when the actual expansion of the chamber 
has taken place) is determined by the position of a baffle plate, attached to 
the bottom of the cloud chamber by means of three short springs. The 
position of the baffle plate and hence, tiie expansion ratio of the chamber, 
is controlled by moving the wedge-pieces either inwards or outward. This 
will be clear from the sectional diagram of the chamber. There is a pressure 
gauge to record the initial and final pressures in the chamber. 

The supply of compressing air. — Although the compressing air is 
supplied by means of an automatic air compressor, the reducer valve itself 
is not sufficient to give a pressure-stabilized supply of air. As the diaphragm 
is rather delicate, any excess compre.ssing pressure has a tendency to buckle 
it, so that, the optimum conditions for recording tracks of particles passing 
through the chamber are disturbed. For this reason, a subsidiary electro- 
mechanical device has been developed by the author (Das, 1950), which, in 
conjunction with a stabilizer tank, maintains the pressure of the compressing 
air stabilized within a narrow range. A detailed description of the construc- 
tion and working of this pressure stabilizing device has been published 


csrlicr. • 

The expansion valve -The design and perfoimance of the expansion 
valve is a very important consideration in any cloud chamber work. We 
have used a valve of the Fussell type, being the simplest and most convenient. 
Use of this type of valve has a few advantages 

Unlike in older procedures (Das Gupta and Ghosh, 1946). m this cas 

the valve is directly connected to the primary control rod passing^throug 

^ . , Ac the eflt;ctively accessible region in 

The sensitive volume of the cloud chamber to be 

trrr ::: moment^, over-loading .f .0 volts 
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F1G2 3 

Sectional diagram of the valve system 



Fig. 4 . \ 

Thyratron, shunting the valve-magnet (valve-resetting mechanism not shown) 



Fig. 5 

Blectromagnet circuit breaker 

.FRONT GLASS PLATE 

fjltp pff l GASKET 
GLASS RING. 


PAPER STRIP. 

Fig. 6 
Illuminating system 
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W’ould not do. The geometrical configuration in the present case would 
compel us to use one such bulb above and the other below the chamlwr ; 
consequently, the expansion initiating G.M. counters can not be used for 
distances less than i6 inches. The focusing of the beam through the 
effective volume of the chamber also bocomes very imperfect with this 
arrangement. Besides, the presence of the material of the bulbs in the path 
of the incoming cosmic lays is not desirable from more than one stand-points. 
We have solved this difficulty by using modern arc dischaige lamps. 

A single tube (caiiillary length 6 inches) has been used from the front 
edge of the chamber. The capillary of the flash tube has been backed by 
a“6 inch high parabolic cylindrical reflector, made of i/i6 inch aluminium 
sheet (figure 6/. The part /T of the reflector is shaped accurately para- 
bolic, the focal axis coinciding with the capillary. The locus of the parabola 
is also at the focus of the piano-cylindrical condensing lens (2 inch focal 
length, 6 inch long, i inch aperture), so that we get a highly intense and 
almost parallel beam of light. To increase the reflecting jiowcr, an i mil. 
thick aluminium foil has been fixed, without any kink, on the reflector. 

To fire the flash tube, a simple and efficient triggering device has been 
developed in our laboratory. A detailed description of the de.sign and opera- 
tion of the triggering device has been published earlier (Das, 1050). One 
objectionable featuic of these flash tubes is that they sometimes flash over 
erratically, that is, give light flashes without any correlation with any record- 
able event, which, in the piesenl case, is the passage of a charged particle 
through the cloud chamber. It seems that flash tubes controlled by means 
of external triggering electrodes invariably .suffer from this defect (l ouine. 
1048). To counteract the effect of this erratic hehaviour on cloud chamber 

photography, a simple electronic device has been developed by the author 
(Das, 

The automalic .uu^uence control mechanisn,-i h. control sequences 
can be described under the following headings : 

ti) Firing the thyratrou shunting the electro-magnet of the expansion 

valve, by a voltage pulse from a desired event. 

(2) Release of the armature carrying the valve .expansion of the 

cham(ber.) within .01 second of the expansion. 

Setting the driving motor in motion. 

Resetting the valve. 

Winding up the exposed portion of the film. 

17. Breaking the motor circuit at the end of the cycle. 

The oositive pulse due'to the occurrence of a recordable event fires the 
thyr,rtron which is in paralicl with the magnclising coil of the valve magnet 

Now during the conducting stage, tho total teststance of the 
2^tr» circuit ’(.ha. is. internal resistance of the thyratrou pins the external 


( 4 ' 

!S1 

(61 

(7} 
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Automatic sequence control mechanism (For clarity, some parts have been drawn sectionally) 


current limiting resistance R) is much smaller than the resistance of the mag- 
netising coil, so much so, that the thyratron acts as a shunt to the magnet 
circuit. As the magnetising current is kept just at the optimum level (in this 
case 30 milli-amps) the armature flies off ; consequently, expansion of the 
chamber takes place (figure 4). 

After the release of the valve, the bevelled aluminium block ffigure 7) B 
occupies a position, displaced considerably in the forward direction ; conse- 
quently, the L-pieces are moved laterally. This lateral movement is com- 
municated through the long levers 2?, and R2 to the various switches 
Si, Sa, S3 and S4. Each of the electric switches is made of a thin and a thick 
phosphor-bronze strip with lengths .so adjusted as to give sufficient restoring 
force. The actual contact points arc of platinum so that corrosion due spark- 
ing is greatly reduced. The switch S3 breaks the plate of the thyratron, 
thus extinguishing it. The swith S3 removes the pre- expansion ion-sweep- 
ing field just after the expansion of the chamber. 

The switch Sj sets the driving motor in motion. Now, the position of 
the cam K has been so adjusted initially, that just after the motor starts it 
begins to pull the lever rod R3. This motion is transmitted through the 
lever arm R* to the magnet armature which is gradually pushed toward 
the magnet core until it is kept attracted to it. Under the joint restoring 
action of the phosphor-bronge strips and the steel spring S, the switches 
Si, S3, Sj, and S4 are restored to their initial positions within 10 seconds of 
the starting of the motor. Now, the pin P fixed to the pinion wheel W 
is moved past the contact knob K 1 so that the motor circuit is now closed 
through the switch S«, until it is again broken by the separation of the 
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Secondary electron tracks, produced 
by 7-ray 
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contact points at the end of the cycle by the pin P. The switch Ss is such 
that it finally closes the thyratron plate circuit. As the coini>lete cycle of 
automatic sequences lasts for nearly minutes, it is clear that without the 
switch Ssf which closes the thyratron plate circuit at the end of the cycle, 
there is always a risk of the chaml^er being tripped within a cycle ; that is, 
before it has been reset completely. 

The cone of the cup-cone- air inlet valve V is rigidly pinned to the 
shaft Fj. During the time the motor is in motion, the cone completes the 
rotation and establishes communication of the back compartment of the 
cloud chamber with the ait pressure stabilizer. The second shaft 7^3 iu 
conjuction with two arms joined by means of universal gimbals, wunds up 
the exposed portion of the film, so that a fresh portion of the film conies up 
for recording the next event. In this way, the entire setiuence of automatic 
control is completed. 


ExfKiTisionHoic 


fiarrowBore. 

LUffUidrlnlet. 


BcffUPMe, 
Control 
WedfoPieoe 

Brass ViMC- 
Conical 

MUUdHead 



OlcbSSUin.^ 

Class Pl(de, 

•WireGcou^e caid Velvet, 
^Rubber Sheet . 

AL Diaphragm. 

-Brass . 

jabber QasKots- 


ipassRbn^. 

\erShcat. 
^abbepCUth/ 


Fig. 8 

Transverse view of the cloud chamber 


The Photographic Arrangement .—At present we are using « 

Ur is iiistified in view of the fact 

lem arraDgement for photograp However there is ample provision for 

that the chamber is a shallow Sonnar 

diverting to a effective distance of l 6 inches from the 

fry^Piaranrrhe^f^uresohtaioedhavea dUmeter o* r.y cm. that 

is, the reduction in size is nearly in the ratio o .3 • • 
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THE PERFORMANCE OF THE APPARATUS 

A few automatic test runs of the complete apparatus were made by 
means of three Geiger Muller counters in coincidence. The cloud chamber 
was filled with a mixture of air and oxygen up to a total pressure of 84 cm of 
mercury. The liquid mixture used was 40% water and 60% absolute 
alcohol. A Ra* source was placed at a distance of S ft. and a collimated beam 
of gamma rays allowed to enter the cloud chamber. This step was taken, 
because, when the chamber expands due to accidental coincidence of G. M. 
counter pulses, there will be, in general, no track formation inside the 
cloud chamber and, thi.s is specially true for a shallow could chamber. An 
ionising agent, such as a weak gamma source, properly shielded from the 
counters, w’ould always send a few y-rays into the chamber, producing 
secondary electrons. Thus, the condition of the cloud chamber as regards 
formation of tracks can be checked at any stage of the operation of the 
chamber. In a test picture supplied, plate XV H, the secondary electron tracks 
are quite clearly seen. The picture also shows a long track presumably due 
to a charged cosmic ray particle. We hope to put the apparatus to the study of 
some suitable cosmic ray problem involving the use of a magnetic field of the 
order of 3, 500 gauss. 
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ULTRASONIC ATTENUATION IN GELS 

By ARVIND MOHAN SRIVASTAVA 

(Received for publlcc^on, March 3, igst) 

'll 

ABMB&OT. In this paper the ultrasonic propagation in gels is stuHied from the 
viewpoint of attenuation of the incident waves. In a theoretical discussion the propagation 
in a medium having spherical particles suspencifed in a liquid tuedium has been evaluated. 
The paper shows that the attenuation per unit jtolnme of such a medium is given bv, 

ae3irna*(p|/p')9.fe. 

y 

if the effect of scattering is to be considerfia too. The theory points out the different 
cases showing the relative importance of the.sc terms. Considering the Lamb and SewSll 
theory in details, a starting point for the present author’s results is also indicated 

Prom the theoretical considerations given in this paper, the attenuation is calculated 
for a few gels also showing its dependence upon temperature. Furthermore, the results 
are satisfactorily explained by the theory outlined in the paper. 

Using an ultrasonic pulse technique, the attenuation for a few gels has been practically 
determined and its variation with temperature and frequency studied. The diminution of 
the kinematic viscosity at higher temperatures and the increase in the scattering account 
for the vahies of attenuation showing a maximum near about 55*C. 

INTRODUCTION 

The propagation of sound waves in a medium containing suspended 
particles was first studied by Lord Rayleigh (1896). Lamb (1884) took up 
the same pVoblem in a more general way, cosidering the various modes of 
vibration of a sphere that scattered the incident wave. Herzfeld (1930) 
developed a theory for sound propagation in suspensions by extending the 
Rayleigh boundary conditions. Sewell (1911) studied the problem as 
applicable to such natural suspensions as fog and smoke particles in air. 
®e calculated the loss of energy in case of spherical particles. 

Sound propagation in aerosols has recently been studied by Brandt (193:^)* 
Heidraann, Freund and Brandt (1937)* Further, the acoustic impedance of 
such a foggy atmosphere w’as investigated by Ghosh (193^! who tabu* 
lated a large amount of significant data based upon his theoretical results for 
particles of radius ten microns and lesser. Richardson (1938) and Hpstein 
fi942) ; Hartmann and Focke (1940) developed an ultrasonic technique 
using a piezo-electric oscillator to study the absorption of sound in artificial 
fogs and smoke. Richardson’s results were the first step towards the 
junket real 'Verification of tlie Lamb and Sewell s theory. Following^ 

(1948) applied an ultrasonic pulse technique to obtain the attenuation of aound 
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waves in artificial smokes and also in sand and kaolin particles suspended 
in water. These results also supported the Lamb and Sewell theory. ' 

It is evident, therefore, that no significant data exists regarding the 
factors affecting the propagation of sound waves in a gelatinous medium. 
The composite nature of these gels must necessarily affect the attenuation 
in such a medium, where a solid phase enmeshes and entrains an overwhel- 
mingly larger proportion of the fluid which is usually water. 

THBORETICAIv constderations 

Transmission of sound in fog and smoke has been studied by Lamb and 
Sewell. Owing to its great inertia in comparison with that of an equal 
amount of air, a globule of water in suspension, if not too small, may remain 
practically at rest as the air waves beat upon it. If, however, the radius be 
diminished, the inertia diminishes as a’, and the surface on which viscosity 
acts diminishes as a® and it is expected that a stage will be reached when the 
globule will simply drift to and fro with the vibrating air, and so causes little 
or no loss of energy. 

Scattering of Sound in Suspensions 

The scattering of waves in suspensions can be divided into two classes : 

(a) The Rayleigh scattering and, 

(b) the Lamb and Sewell scattering. 

In the former case it is well established that scattering increases with 
the decrease of wavelength or the particle size. For larger wavelengths 
ka « 1, and the amplitude of the particles in vibration is given by, 

' j ■_ Pi Pf* 

Pi + ^Po 

where Pi,po are the densities of the solid and the fluid respectively, a is the 
radius of the particles and k is the propagation constant (an-/ A), in which A 
is the wavelength. 

In the second case, the viscosity is taken into consideration, when it is 
seen that the scattering gives rise to additional terms .in the velocity potential 
of the scattered waves ; the particles are dragged to and fro with the 
waves and the resulting amplitude is given by, 

1+'-^*= ... (a) 

fe Pi-Po + SPoai 

where, a. -i(i ) for ... (,) 

and» \/~; O’ is the angular frequency given by ax/, and v is the kinematic 
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The behaviour of the particles depends upon / 3 , i.e.. on value of the 
iscosity. For the particles of larger diameter, the amplitude is the same as 
a of the oscillating fluid at larger wavelengths. This contention can be 
upheld considering the following tables which show the values of the 
amplitude of the particles at different wavelengths for two particle sizes. 


TABtE I 

Radius io“*cm , 


A 1 

L 

1 

\ 

L 

5 

.019 

100 

•347 

20 

j 

.074 

1 5 

400 

•«33 


.147 

800 

•Q 55 

6o 

.217 

Inf. 

1. 000 

8o 

.284 

1 



Table II 

Radius a= io“'*cm. 


X 

s 

10 

-’5 1 

1 

100 

Inf 

L 

•«55 

.961 

! .Q90 


.9996 

1. 0000 


For particles of smaller radii, it follows from the foregoing that the 
amplitude of the free particles will be practically zero at these smaller 
wavelengths (corresponding to megacycle frequencies). Table III presents 
the calculated values of the amplitudes which show that the value is practically 
zero. 

Tabi.b III 

The amplitude of the particles at differnt values of the radius for 
frequency of lo megacycles per second. 


t j 
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1 n, 

-t- 

k 

{ teal 


•45 

•7155 

AS- -7^1 

1 - 45 -. 72 / 

34 X so"* 


4 91 

30.27 

4.91-30.27/ 

5.91-30.27/ 

.do^torf 

10-* 

44.^ 

i 

2646,0 

44.6-2646.0/ 

45.6-2646.0/ 1 

-.6X*6-f 











^94' A. M. Srfoaatavw 

The case of the suspended fog and smoke particles in a gaseous mediatn 
known as aerosols has been investigated by Richardson (1934). Particular 
cases' of smokes of stearic acid, magnesium oxide and lycopodium dust are 
included in his work. Lamb’s scattering formula is used to determine the 
sound absorption coefficients. Remarkable agreement between- the' theoretical 
and practical values is obtained. In a particular case. 

Particle size, a =2.5.10“* 

Viscosity, v=-. .iscm/sec. 

Number of particles per c.c-, n = 1,5.10* 

Velocity of the waves = 3.4 x loVm/sec. 

Frequency =42 Kc./sec. 

Attenuation per unit volume = .030i (theoretical) 

= .029 '^practical) 

In recent years Urick (loc. cii) studied the absorption of sound waves 
in sand and kaolin particles soaked in water at the megacycle frequencies. 
His result also shows an agreement with the above theoretical evalutions. 
Table IV is based on his work. 


TABI.B IV 

The absorption values for kaolin and sand particles. 


Frequency | 

Kaolin one per cent 

Fine sand one per cent 
^ 2.2/x 

Mc/sec. 

i 

Observed 

Calculated 

Observed 

1 

Calculated 

r 0 

1 ! 

1 0.024 

0.038 

0.028 

0.032 

3.0 

0.087 

0,018 

0.093 

0.095 

8.9. 

0,256 

0.324 

0.232 

0.234 

15 0 

0.450 

0.500 

0.385 

0.347 • 


SOUND PROPAGATION IN GELS 
THE COMPOSITE MEDIUM 

According to the present day conceptions, a gel consists of a number of 
particles viz.> barium sulphate, irou silicate, thorium phosphate, etc., 
embedded in a- fluid medium. These particles are surrounded by a layer of 
the fluid which acts in binding one particle with another and provides a 
structural bond. Thus the contiguous particles form a composite medium 
with the intervening liquid that is unattached tb the particles. In fact, it is 
^8^ absorbed' layer that prevents the formation of coarser aggregation' from 
particles of coUotdaland molecular dimensions. Bradford ponits out thcE the 
IsytnatioH ol gel 1^. oooliag a. sol is aoase.ol»oigwtalliiMition.. Moeller (igaT). 
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4 ^ 

is in general agreement with the above views. Weimarn (1908, X909) 
concludes from his investigations that a gel consists of highly crystallized 
granules soaked in the dispersive medium from a supersaturated solution. 
The process of a sol-gel transformation is a continuous process and there is 
no evidence on record to show that the aggregation of the particles changes 
suddenly during the transformation. 

Thus Walpole (1913) showed th^t the refractive index changes slowly 
but continuously during the gelation of a sol. Ghosh (1930) supports this 
view and shows, from the measurements of extinction coefficients by the 
Nutting spectrophotometer in the region of 6000 "A, that the changes are 
continuous and gradual. In a serie^’of papers the elastic constants of certain 
gels have also been evaluated (Srivast^va, 1950) . These changes in the values 
of the Young’s modulus and other Inodulii show a continuous variation and 
confirm the above views (Srivastava, igsi). 

From this experimental support it becomes evident that the gel structure 
maintains its form during the sol-gel transformation. This gives more reason 
to the belief of the existence of a double layer as postulated above. 

Furthermore, the X-ray work on gels carried on by Debye and Hukel 
(1924) confirms the above view-points. It is therefore evidently clear that 
there is a considerable difference between a medium of this type on the one 
hand and another of the type of sand and kaolin particle.s in water which has 
particles entirely independent of one another. In order, therefore, to account 
for the wave propagation in such a medium we have to take into consideration 
the density and the bulk modulus of the composite medium. The density of 
the composite medium will be given by, 

= + (i-/3)/>» — ^ 3 ) 


where. 


yS =^na®. 


... (4) 


„ being the number of particles percc., p. and are the densities of *e 
solid and the liquid phases respectively. The bulk modulus of the medium 
»m be obtaiu^ as follows : For an applied pressure />, the change m volume 
of the gel will be say dF in an initial volume F. Then neglecting all int^ 

sctiL between the solid and the liquid phases, this total change d F will U 

f of the changes in the volume of the solid and the liquid 

" ?hnt filso from the definition of the bulk modnlns 

we have, 

_ rr dVo If dF i_ (g) 

P * i 
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where Ki and Ko are die bulk modulus of the solid and the liquid pbMea. 
The composite bulk modulus is given by. 


K' = - 




Ki(i-/3) + k„^ 


( 6 ) 


It is of interest to note here that in case the porosity / 3 =o, the liquid 
phase only exists and the value of the composite bulk modulus K'^Ko only. 
This result shows that the formula derived for K' is adequate for the extreme 
case when /3 — o. Similarly, when ^ = i, the formula yeilds K' = Ki, 
showing that the bulk modulus is that due to the solid phase alone. This is 
also clear from the porosity expression because the value i, implies that 
the entire volume of the composite medium is made up of the solid phase. 
The formula, therefore, is valid for all values of /S lying between unity and 
zero. In practice, however, it will be seen later on that the values of ^ with 
which we are concerned in the case of these gelatinous substances lies between 
2% to about io%. 

As shown elsewhere (Srivastava, 1949), the formula for the composite 
bulk modulus, as shown above, gives results of the bulk modulus on 
assuming the values of ICo and Ki, and /3, which are in fair agreement with the 
practically determined values. These results confirm the validity of the above 
theoretical results and give ground enough to treat the above gel structure 
established. 


SOUND PROPAGATION IN GELS WITH SCATTERING 

In the treatment so far no mention has been made of the scattering 
of the waves by the solid particles in a gelatinous medium. The treatment 
given below includes the scattering effects due to the sphere. We now 
proceed to evaluate the total effect of all the secondary vibrations that 
issue forth from the composite medium of thickness which is large 

compared to the wavelength. In figure i, the secondary vitiations at a 



The forces acting upon the composite element Ax 

^taa 4 » point O due to a particle placed at P are denoted fay the velocity 
potential 
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f' — Aofo (kr) + (H + jK)fi(kr) . kr. cos 0 + ... .... (14) 

where OP = r. If /IP = 2, then consider the element of thickness Ax having 
a volume SJrzdzAx which contains an-zdz Ax.n particles. 

Also, r*««=x'‘ + 2®, and, zdz = rdr cos®“i ... (15) 

For distant values of r the resultant of all the secondary vibrations 
issuing forth from the stratum will be given by, 

oor 

if>'== 27 rnAx J + rdr ... (16) 

or, ; 

0 '=2n-«Ax + H + ••• ^ 17 ) 

The coefficients Aa and (H + jK) have been calculated by Lamb. They are, 


where. 


. 1 7 3 af ' ... 1 


ti + jK^jai(P + jQ)k^a^ 


P + jQ = (pi-po)l^ (pi + S^iPo - p«) 


For a /3 < < 1 


a, = i — i 


For fljS > > I 


I 

P + jQ = {pi-Po)IPi + lPo) ) 

The pressure due to the resultant vibration at any point situated at a 
distance x from the origin of disturbance is, 

pr=2nn^xka^[Ao-^ai(P + j)Q]j<^Po<Pi>e^^^ ^* 4 ) 

where Po is the potential due to the incident waves given by, 

•” (25) 

Hence in terms of the particle velocity of the incident waves the pressure 
will be given by, 

pf>^2nnAxkanAo + a,{P + jQ)]}o>Poue^^^ ( 26 ) 

Where. « represents the particle velocity due to the incident waves 

—jkp^OXt p0= —uljk ••• * 7 ) 

By putting *-o we obuin the pressure p-- at the negative side of the 
stratum, + 

Since the particles in the stratum scatter sound waves, in the poritive 
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• direction as well .a similar expression for p+' is obtained, 

p+'—27rn^xa*ju>PolAo~“(ii(P+iQ)2u. .... (ag) 

The net force per unit area of the composite medium at the ends of the 
btratum Ax acting in the negative direction will be (p+' — p^ ) i-e , 

p^' — p^'=—47Tna^jtoPoai(P + jQ)Ax.u. ••• ( 30 ) 

Equation of Motion 

We have assumed that the particles in a gel are bound together, the 
exact nature of the binding forces being not known definitely. The 
particles give rise to scattering and the extra pressure is developed on 
account of this. The equation of motion is modified to, 

pt ^ ^ sf —47ina^ju}poat{P+jQ)u ( 31 ) 

at jw dx 

or since, u oc e-?’"'* , we have, 

putting. C^*=K’Jp', k — o>lc, the solution of the above equation is, 


where. 


fe'* = fe'[ i+4Jrna*^ aiCP + jQ;] 


or approximately, [if ai iP + jQ) «= p —jq^ 


fe' = I + awna* — 


Hence, 


I ^ 


!o = 


I + znna^ — .p 


and the attenuation constant <x is, 


w—axrtja* — q.k. ... ( 36 ) 

Pi 

Thus from a knowledge of the quantities involved in the above equation 
the attenuation constant can be determined theoretically. Such values 
are given in Tables VI, VHI and IX. 

« 

BX PE RIMEN TAL D R T B R M I N A T I O N OP A T T B N tJ A T I 0*N 


The experimental method is based upon the successive reflection of the 
:fi«dae 8 of ultsaacmu: energy and an observation of the .diminution in ite 
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amplitude on an oscillograph ffigure 2). The ultrasonic generator is 
described in detail in a picvioa^N coiumiiuicalion (Srivaslava, 1049). If 



c 

Fig. 2 

The oscillograms for three diflerent \ nines <>f attenuation with bar'um carbonate gel 

— Xx and — ara are two points on the primary waves then the amplitude of the 
particle velocities at — ati and — -v^, will be given by , 

M2 = 1 


— (39) 


6— 1778P — 10 
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and, «= Jogio (Ki/ua) ••• Uo'' 

Xi - X2 

The ratio of these yields the attenuation, since Xi < x^t the amplitude at 
that at —x^- The amplitude of the particle velocity therefore 
decreases as the wave travels towards the negative direction of the ac-axis. 

The transmitter and receiver quartz are brought in contact with the 
two faces of the gel held in its holder. The waves are twice reflected 



Fig. 3 

The block diagram of the ultrasonic pulse generator 


giving a path difference of twice the thickness of the sample, and produce 
two maxima on the cathode ray screen. Since reflection takes place at the 
surface of separation of gel and the crystal housing, a correction is applied 

for the loss of energy at reflection. 

Preparation of Gel 

The gel used in this case is barium carbonate and is prepared as follows. 
B'airly concentrated solutions of barium acetate and potassium carbonate 
are added in almost equal volumes and the mixture is allowed to stand for 
about 30 minutes after a vigorous shake for a minute or two. The strengths 
of the two solutions are determined in the usual manner, as described 
elsewhere (Srivastava, i949al. In a particular case. 

Strength of barium acetate, =4.40 N. 

Strength of potassium carbonate, = 4.32 N. 

Density of the resulting gel obtained by mixing 5.0 c.c. each 
of the above, =1.20 gm./cm* 

An opaque stiff gel is obtained which keeps for about 3 hours. For a stiff er 
;gel the volume of barium acetate may be greater by up to 20 per cent that 
of the carbonate. 
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R E wS U Iv T S 

Table VI shows a set of values of attenuation for three gels that were 
studied in the course of these investigations. The agreement between the 
theoretical and the corrected practical values is satisfactory. In Table VII 
the variation of attenuation due to the changes in viscosity at higher 
temperatures is shown. The effect of viscosity is to decrease the values of 
attenuation. Thus by compounding the values of Tables VI and VII it is 
possible to obtain the effect of both viscosity and scattering. These values 
are shown in Table IX. In Table VIII, only the scattering effects at 
higher temperatures are seen. 

A detailed perusal of values in Table IX shows that the observed values 
are adequately explained by theoretical values. Only the results for one 
particular gel are given here. 


Table VI 


The values of attenuation for three gels 


oEi/ i 

1 

P 

\ . - 


jia ^ 

t n 

(Theory) 

a 

(Corrected) 

a 

< Observed) 

Strontinm carbonate 

{ J. r6 

. 05 ? 

i .013 

i 

1 2.10 

.357 

• 34 '> 

.41S 

Barium cat bonate 

1 .20 

. 0^4 

! .016 

1 

! 2-51 

.257 

.306 

.362 

Iron silicate 

j 1.22 

.080 

i .020 

i 3-10 

2.48 

.290 

•341 


Table VII 

Changes in attenuation due to a change m viscosity at higher 
temperatures (eq.sS). 


y 

0 

X 10^ 

1 

i/aS ! 

1 

! 

q ! 



a 

.OTO 

• 174 

.84 1 

1. 16 ! 

1 

.696 

.008 j 

.139 

■ 7 i 

i 

.92 j 

1 

• 55 * 

.006 

.157 

1 -63 

.78 ^ 

.468 

.004 

.190 

i 

•59 

•354 

.002 

.240 

i .41 

1 

•43 

.258 
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Table VIII 

Changes in attenuation clue to a temperature variation. Values of 
velocity, '• have been practically cletermiued. 


Temp. 

•c 

P' 

1 

1 

c 

>« 1 0^ 1 

ciiis/scc ! 

k 

Practical 

Attenuation a 

Corrected 

Theoretical 



! 

j 

i 




«C 


22 

1. 199 

2-95 i 


'*273 

.306 

.362 

20 

30 

1. 197 

2.86 j 

j 

20.2 

2SS 

■313 

•370 

30 

43 

1. 192 

i 

2 - 7.3 ! 

-7 5 

j -93 

•323 

.395 

40 

55 

00 

M 

H 

2-65 1 

3 

1 

33 i 

.411 

50 

70 

1.170 

2 63 ; 

-vS 9 

1 

1 -315 

.300 

.368 

60 


Table IX 

Tlie values of attenuation. 


Temperature 

p' 



1 

j Attenuation a 

•c 

c 

X lev’ ! 

/3 

Calculated 

! . - - - - 

Observed 

22 

i./y'; 

' 

95 

.01 

•^75 

.306 

3 ^^ 

1 1 u )7 

? 

.CC) 

2SS 

•313 

43 

i 19*1 

2 73 ’ 

t»( ’S 


•323 

55 

T.JS7 

2 ^>5 

1 

.CH >6 

. 

3^1 

•331 

70 

I 170 

2 < >3 

,0. >5 

j .354 

.300 


C O N C Iv S I O N vS 

In this paper the author has tried to give a theoretical expression for 
the attenuation of sound waves in gelatinous substances. The structure 
of these substances is different fioni that of certain suspensions in water 
which have been considered by the previous workers. Upon the agreed 
structure of gels, which is evidenced by his work and is sufficiently supported 
by other distinguished sources, the author built up in this paper, considering 
the scattering of waves by these solid spheres, a theory that stands the test 
of practical experimentation. The values of attenuation are determined 
by an ulttasonic pulse method which has not been used elsewhere to this 
purpose. 
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Also the maxima observed in the values of attenuation have been 
explained as the composition of two distinct eflfects. The first is due to 
scattering which increases the value of attenuation with a rise of temperature* 
In the absence of any other effect this will produce a gradual increase 
in the attenuation. But the increase in temperature results in a decrease 
of kinematic viscosity, which again produces a decrease in the attenuation. 
Upon considering both of these, it is observed that the tnaximum m attenua* 
tion with temperature is suitably explained. 
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HARMONIC DISTORTION IN FREQUENCY 
MODULATION RECEPTION. PART I 

Ry K. V. KRlvSIINA PRASAD 
(Kcceivcd for l'ublicatio}t, July 2, igsi) 

ABSTRACT. The two sij>nal di.stoit ion theory of frequency modulation reception 
has been dovelf)ped by a new method and a brief ire.atinent of this theory togther with its 
extension to the more complicated case of (/-signals is given. 

1 N '1' R (1 D U C T 1 O N 

Transmission is possible by more than one path with the frequencies 
used in frequency modulation. So, two or more signals, having nearly 
the same amplitude, if induced in the antenna, will give rise to considerable 
distortion . 

Targe objects, such as hills or high buildings, reflect and absorb the 
waves and cause interference. This difficulty is encountered also in 
television reception. In fad, higher frequencies emifloyed here tend to 
enhance this difficulty in as much as the phase changes encountered are 
great. This interference causes light and dark bauds in the ihcture resulting 
in synchrvjiiization difficulties when freqxicncy modulation is used on video 
signals. So, a theoretical and experimental study of multipath distortion 
would be very interesting in deterinining the factors which contribute to 
this type of distortion. The present i)aper .is restricted only to a treatment 
of the theoretical aspects of the harmonic distortion in frequency modulation 
reception while a treatment of its cxi>eriinental asi)ects is reserved for a 
latter one to follow’. 

The existing theories, such as those of Corringtou (1945) ^iBd Meyers 
(1946) for the case of two signals, are complicated and they involve 
approximations from tables and charts in arriving at the final expression 
for the distortion term. In addition to these difficulties the results 
derived from them do not lend themselves to an easy experimental 
verification. The present development of the theory, treated here, involves 
the methods of contour-integration, leading to a rigorous mathematical 
treatment, which lends itself to physical interpretation. The general 
principles of the method are too well known to need any further elucidation. 
In recent years this method has been widely used in treating similar problems 
in the fields of electric transients and computer-electronics. 

THEORY 

1. Case of t-wo signals : — Now to begin with, let a sinusoidal carrier 
frequency modulated by a single sinusoidal modulating frequency 
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be assumed for the transmitted wave. Consider an ideal limiter which 
is independent of the frequency of the input sij^nal. Assume also 
a zero order characteristic to insure limiting at low amplitudes^*'. 
Noise is the controlling factor in any practical consideration where multipath 
interference reduces the strength of the signal at tlie receiver below it. 
This noise may, however, be neglected as an ai)i)roxinKilion- To develop 
the theory of two signal distoriion, let the two signals be represented by : 


r, = Et, sin . the desired one 


and 

€2 — El sin the undesired one 


with 

3 'i = / + A ™ sin to jA 

top 


and 

= — sin fo>y>/'t-cx) 

to p 

.. ii) 

where, 

u>e — 2n'x carrier frequency 

ti)p = 2-x modulating frequency 

o>a — 27 rx inaxiniuni deviation frequency 
<x=(o;,/o and / 3 — (.><•/„ with /„= time delay in seconds 


and. 

h= factor proportional to the ani])]itude of signal input 
transiniller. 

at the 

Then the resultant En of the two signals may be written as : 



El,' = E sm \ (y , + / 2 + f(l ) \ 

... (2) 

where, 

h: = v' E„" + “ -) 2E„ E , cos (y,— y^) 


and 

1 ~' 

tan — ,v' tan 



Assuming the signal aliov'e limiter level and constant with lespect 

to time, the discriminator output E is given by 

dll 2 J 


=r(oJi COS <»,,t + h-- cos + a}-ird(pldt 

o 2 


... (4} 


The last term in equation (4) viz- 

-- - - 

:re, $ = sin sin (a,^t + a)-/5] 


where. ^=^l[h(oyali,y„) sin sm 

* This fact has been borne out in the experimental test.- by operating above the 
limiter level. 
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Now f($)=^i/(<r+ cos 2$) being a symmetrical function may be expanded 
into the series : 


/(^) =a«/2 + 5 (a„ cos + b„ sin .... (7) 

v=l 

where the Fourier coefficients. 


and 

Hence, 


a, . =0 for odd values of v 

b, =0 for all values of v 


a^M—~ I cos cos 2^) d$ 

7 T J 

— S' 

which by contour integration and substitution of Z — e^'^ becomes 

_ I f z^ + z-^ 

a-iv ; / — 

2Jrt J I + 20'Z + Z 


(81 


■9) 


The i»ath of integration is the unit circle \ Z\=-\ and the poles are 
Zo — o, Zx— —Ex/Eo and ^2= —E^lEx 

Since Fo > consider only the poles 2 o = o and Z, = --Fj/Eo, their 
respective residues being (Zi^ — Z2^)/ (Zj — Zg) and (Zi^ + Za^)/'^Zj— Zg), 
so that : 

aw = ^ExE^HEo* — Ex*) { — r)^ , vfhere r*= Ext Eo ... (10) 

and hence 

d(b * 

~ cos fiifil — htii,/ cos (w f)t + 2( — r)"^ cos 2 N^] ... fii) 

dt N-i 


Substituting the value of given in expression (ii) iu equation (4), 

the expression for the discriminatoi output E becomes : 

E = ute +hMa cos (Opt — [afcwrf sin a/2 sin (w;d + a/2}] 


X S( - r)^ COS j 


... (12) 


from which the instantaneous frequency ft may be computed as 

fi —El2n=fc + hfd cos (Opt — [ah/rf sin a/2 sin + a/2l] 

X — cos 2N$ 

N — l 


••• (13) 


The distoition D represented by the last term of equation (13) is given by 
D^^lfp sin {(Opt + 0 . 1 2) S ( — r)^ cos (aN^) 

IV-J 

or iu the expanded form. 


D — lfp sin + a/2)^S ( — r)^ cos {Nl cos {topt + <x/2) + NjS] 


(14) 


where l^2hfdff n sin a/a. 
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Evquation (14/ obviously can be expanded into a series of Bessel functions 
and hence can be written in the form : 

^ sin ^ ^ s\i\ zm 0 


^ ^osNfS ^ ^ ^ 2m i)J i + ^ 2m I \ o\ ... (i^'t 

N~1 iv »/--(» J 


(-r)^ 


where 0 = u>,,t + aj2. 

For purposes of experimental verification, tins e\i>ression can be further 
simplified and put into a nu>rc ctmvenient form by the substitution 


whence : 


Jmd, 


/'=(» f> \ i III + jT) ! 


D = fJ 


P =0 m: 


2m ! fi \ (m + p \ ! (sin m I j 2)”'*'^'’ ^ 


y/Jm.o/'-l 


.. (15a) 


where R= ( — r)^ (cos N/ 3 )I/ 2 for the sake of brevity. 

« = 1 

The parameters which are sii>nificaiit in equation 115) or (isa) are r, 
the ratio of the undesired to the desired signal, /, the product of h, the 
input signal strength and j.t, the deviati(/n frequency, j ,,, the modulating 
frequency, m, the order of the haimonic and finally t- and /^, the factors 
involving the time delay From the stand point of liigli distoition, the 

case of interest is when » is very near unity but not exactly unity. Ihe 
distortion in this case is rigorously reiiresentcd by e<iuation (i.s or 
The distortion is zero when / is large ; that i.s, for a sy.stem having high input 
signal and high deviation frequency. Further, the distortion is zero when 
a = 2~A( and the even order modulations vanish for = Fastly, the 

distortion increases with the modulating freiiueticy j So from the point 
of view of high distortion, the case of low signal amplitudes is inteiestiug when 
h and hence / — ak/rf//// sin "/2 is small. 1 lien only the Hist teiui of the 
Bessel series expansion in c(|uation (r.sl is imi>ortant. So by putting /> o 
in equation (15a) the resulting simplified express-on for the distortion is : 


D = 



2 sh\ mO , ^ j 
( m - 1 ) !' 


o”'-’ R 


( 161 


From the expression it is -.asy to compare 
by letting m have the run of values i« = i,2»3 
zed in Table I below. In these expessions u = 


the amount of various harmonics 
, ... and the i*. suits are sumniari- 
= ir'* + r cos + 2r cos / 3 + r®.) 


The results given in Table I vvill be dealt with in detail in part II but 
suffice it to say that the nlh-hann«nic distortion is directly proportional to 
the fn — i) th pow'er of the deviation frequency /,/, ^«-i)th power of the 
input amplitude h, and the modulating frequency f, for small values a=2;r/^f« 


7 — 177SP — 10 
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Table I 


( )rdcr of the harmonic ni 


Siniplifie<l expressions for the distortion (D) 


I'lindamental m = i 
Second m — 2 
Third m = 3 
I'ourth m—4 
uth ni = 11 


Di cos sin (w^f + o/2)'w 

D2- ’-2hf.,/fp du/ sin 2a/2/ ^^ 14 - 4 ^* sm ^a/2 
8^82 sin^ a/ 2 / sin^ a /2 

i 9)33 a/ 2 / sin^ a /2 

P„ - 2/r 1 ) I a "’’t#/ a)B" "(fdlfj,)"'' sin " a/2 / +4«3 sin®“a 7 ^ 


where fo ivS the time delay ; and so in any practical consideration it is advi- 
sable to operate at hi^h deviation frequency and high modulating frequency 
if any appreciable distortion is desired. 

2. Case of n-signals : — A preliminary expriinental survey has shown 
that most of the distoition is caused by the combination of two signals, the 
desired and undesired ones of very nearly of the same amplitude. Nevertheless, 
it will be interesting to study the arrival of more than two signals at the 
receiver by multiple reflections. So a brief treatment of the general case of 
rz-signals is worth considering from the theoretical point view. 

I^et the desired signal and the n-interfering signals be represented by 

Ci^Eo sin [f»r M- /?/,///;, sin 

C2=/ii sin [(-0^1 + f:ii + hf^i/fp sm + 

(17) 


Cn — En sin [o)rM H- h/,///;r. sin + 

where and = with w = 1,2,3, ^ 

The resultant Pin of these signals is given by : 

En— SEj sin (<*>c< + Si) 

where ^ ,• = /3 y + hfa / fp sin {M,,t + ) 

( )n expanding, 

cosv,y] sin lo^t + l^Ej sin i,y] cos u>ct 
'■ cos t;]“+ [^/i> sin tiy]® sin ■» Tf 

♦» f* 

where r = arc tan Siiysin^// 5 E,- cose.- 

i-o j-o ■' 

By putting fi = ^o + «j 

“ i>o ®a 


where 


lo = hfdlfp sin (topt) 
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the expression for r could be simplified to : 


I- = ^0 + tau 




-1 S E,sin»j ] 


+ S.K, 


! « 1 


COS e , 


where 

Whence, 


, sill r , 


(i8i 


tan ^ ~ ’ 

. I 

-I h jf cose , 

/ - 1 ; 


C/j >/ [-wZi j cos ^ ^ sin S/ J* i^in ’€.>,/ i -i \p) 

Hence the distortion is given hy : 


^ U)) 


^ tan^”^ 
ill 


= ^ tan“ 
df 


y,Ej IF.O •^u\ F , 

-i-l _ 

Cl 

I -I /•: , / /•;„ co- < , 

/ 1 

which oil analogy with the tw'o signal theory ‘ can he represented hy : 

/)= - 1; [/(ey n " sin 2 f7{;/7^>v-sin + V/'' {, . 

where /^'eyj, containing the amplitndcs of the liarinonits is a coniiilicated 
function of <?/ The iirohlciii heconics then that of expanding a sine of a 
Fourier series into a suitable form, kt alone the olhei complicated parameters 
involved. The method of approach is as follows : 

The rather well knowm result in the ther)ry of Hessel functions viz, 
sin {pO -h S'o) sin pf^ +^Sy = 2 ®/Jcj 7 

ji>= -00 

is generalized by replacing C/> sin + 8yd on the left hand side by the 

n 

expression ^n= ^ c,, sin [pO whence 

/> s 1 

n 

pmj 

n 


P »1 Iq ,— -00 ■' 

C <30 

= 2 S ... 2 

g.= -00 <7.-1= -<» <7,=^— 00 




= S T„e< 


‘me 


mm -00 


where the r„s are complex, and they may be evaluated by restricting 


the summation over the q's such that 2 pqg-m. 
equation (14) 
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Hence, 


(q,)L 


which can be re-written so as to conform to the notation used in equation 
(20) as : 


1 


1 

- ni — 




(21) 


The m th coenTicicnt of the sine of the Fourier series is easily evaluated 
by taking the imaginary part of TtoC*”**' . Tables are given by 
Strachey and Wallis '^1946) for evaluating some of these parameters. 

Thus, while in the previous papers of Corrington (i 945} and Meyeis 
(1946), the final expressions for distortion for the case of two signals are 
presented in a complicated form involviug too many parameters without any 
attempt being made to simplify the results, the present paper gives the final 
result in a useful series form enabling easy computation of the various 
harmonic contents for a particular case under test and this will be explained 
in detail together with experimental results, in part II. 

The case of n-signals* (Krishna Prasad, 1951) presents a rather unique 
and complex situation of resolving the sine of a Fourier series and a method of 
approach is suggested: The results, however, cannot be jnit into a useful 
practical form on account of the highly complicated nature of fi-'j) in 
equation (20). 
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REVIEW 
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Static and Dynamic Electricity-^By William R. Smythe. Pp xxiH-6i6. 
McGraw-Plill Book Company, New York, Toronto, London, 1050. Price 
$8.5. 

This is the second edition of the book, the first edition of which was 
published in 1939. As pointed out in the preface to the first edition, special 
stress has been laid on solution of problem^ in elet tricity aiul inajrnelisni 
which are generally encountered in research. A basic knowledge in vector 
analysis has been assumed to lx pos.sessed by the .student in treating the 
problems, but the use of contour integration has been avoided. 

In electrostatics, method of images, Lengcndre polynomials and Bessel’s, 
functions have been applied to problems on potential. In electrodynamics, 
besides chapters on Plow of current in networks and two and three 
dimensional conductors, Pddy currents. Magnetism, lUectroinagnetic waves, 
etc., there are important chapters on lilectromagnetic radiation and Wave 
guides and Cavity resonators. Tlicre is also a chapter on specal redalivity and 
the motion of cliarged particles, The inks (metre-kilogram second) system of 
units has been used throughout, but in an Appendix the factors of conversion 
to cgs units have been given in different tables. 

The book will be found useful to students studying for the H. »Se. (Hons.) 
and M. Sc. degrees of Indian Universities. It is also a good reference book 
which can be used profitably by research workers. 

The paper used and quality of printing leave nothing to be desired.^ 

S. C* b* 
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harmonic distortion in FREOUFNrv 
modulation reception St n« 

I 

By K. V. KRT<|INA PRASAD 
(Received for PndU^tion, July w. /«,) 

amereaoe. ot .bo„t . „ne »„ be e.e!,y ,to.iL ' 

A detailed comparison «ithfhe theoretical deductions based on the two-sianal theorv 

has been effected. The re.suU,s agree /airly .ell /or small values o/ Ze Slay 
modulation frequency and estimated path differences of al>out a mile and half a nZ 


INTRODUCTION 

The harmonic distortion in frequency modulation reception has been 
treated in a general way by several authors, notably by Corrington (1945) and 
Mayers (19461, without any real attempt being made to simplify the results 
to a convenient practical form for purposes of easy experimental verification. 
So, it is the purpose of this paper to simplify the results a great deal and 
present them in such a way that the distortion depends on a few and simple 
parameters. This will permit a direct experimental verification of the two- 
signal distortion theory. 


THEORY 


The expression for the percentage «th. harmonic distortion according 
to the two-signal theory develojied by the author* (1951) is : 


Dn % “ 


2 00fe”~* 

'n-i'! 0/3”'* 




«-i 



I + 4 sin 


With the carrier frequmey, /* at 88 Me., and the maximum value of 
the modulating frequency at 15 Kc., which is the limit of the audio range, 
it is easily seen that both « and l=2hjalfp arc small for a path 

di 0 erence of about a mile which is customary in the experimental tests. As 
« is small, the curves of Meyers (i946y and of Corrington (19451 are not of 
much use in the present discussion end a new method of approach as 

* This work forms part of the thesis submitted by the author to the California 
of Technology, Pasadena, U. S. A., for the Degree of Hlectrical Engineer i^ider the title 
‘Distortion in Frequency modulation Reception”. 


t Cf. XaWe I in Part 1. 
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outlined below seecas necessary. Hence, using the above approximations 
the expression for the percentage distortion becomes : 

i?«%=2oo/p/{n-i)i ••• (i> 

where to, as before, is the time delay in seconds. So at a particular position 
chosen as the origin of co-ordinates and with the help of the following 
data, viz ; 

t- Distortion as a function ol the polar angle of the receiving antenna ; 

2. Radiation pattern of the receiving antenna*; 

3. Distortion as a function of the devi ition frequency and the 
modulating frequency f,, for a particular orientation of the 
antenna. 

it should be possible to determine the parameters a, r and the 
direction of arrival of the desired and the uti iesired signals. From these 
data it is possible to predict from theory the distortion at neighbouring 

Ij— ® 

1 + jr cos S + 



(«) 

(W 


o 30 40 60 80 400 ISO 14c i * k > j8c 

0 " > 

Fig. I 


Carves of r Vs. 0 

With 9 u/d 0 as parameter Carves from top 1—0.05, 3 — o t, 3—0.15, 4—0.25 

5-0.5, 6—0.75, 7— -*.o, 8-‘a,5 
n d»»/d/8* „ M Curves from top x—o.T, 2— 0.25, 3— 0.5. 4— 0.75 

3— «.o, 6—2.5, T—o**, 8-0. 


asH/a8> „ 
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positions separated in distanoe h^r ^ t 

prediction could, in turn be verifierl h lengths. This theoretical 

thus will provide, dir^’ «rS /T"""”'"' >.roccdure 

The deur™.,i„n ol The^rst TsT'T' 

use of the graphs of rvj,/3 with tequires the 

(a) and (6) drawn after IsLZT JZ °h„l “,h T^ures r 

The other detail, of the calculations srelgiven in tte TpZdL 


EXPERIMRNfAIv AvSPECTS 


An exhaust. ve treatment of the;' experimental aspects requires ™n,e 
constderattou of the receiver and i its associated psraphernsli. The 
^iretnenrs of a good receiver use^ i„ the investigation ol multipath 
distortion are many and they will be eohmerated briefly in the following : 

A sensitivity of at least ro to 20 mfcrovolts is requifed of the receiver" 
and for that signal strength all amplitude variations in the signal even at 
the ends of the swing should be absent. The selectivity of th> receiver 
should be about 6 db. down at ±75 Kc.. and about 20 db.. down at 
±100 Kc., from the centre frequency to avoid adjacent channel interference. 
Each coupling stage in the receiver should be separately shielded to avoid 
regeneration due to feedback and the consequent non-linear distortion. 
To avoid inherent amplitude distortion, all interstage couplings including 
the one between the last i. /. stage, the limiter and the input network of the 
discriminator should have transfer characteristics that are linear with respect 


to phase shifts. The time constants in the limiter circuits should not 
exceed 3/* seconds as currents due to signal frequencies up to 15 Kc., are 
to be transmitted. It was found advisable to use two stages of amplitude 
limitation and with an 1852 tube, the point where the limiter action ceases 
was brought down to as low as 8/uv. The discriminator circuit had a 
linear response upto a band width of 400 Kc. so that all the side currents 
could b2 included well within the linear portion and thi.s was achieved by 
shunting the two plates of the diode in the discriminator circuit by a 
10,000 resistance. The i. /., stages should also have a band width of 
0.5 Me. to allow for the many side current pairs. 

A half wave dipole with reflectors permitting a fair amount of directivity 
was used as the receiving antenna. The antenna was capable of rotation 
about a vertical axis and parallel feeders with the load itn{>edance equal to 
the surge impedance were used to avoid unnecessary reflection at the input 
to the receiver. 


EXPERIMENTAL RESULTS 

' The experimental results could be conveniently classified into (1) line 
of sight measurements and (2} non-line of sight ineasurements bearing In 
mind, of course, that only the non-line of sight measurements give rise to 

* The receiver need by the author bad a sensitivity of 15 ii.VIm. 
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harmonic distortion which has been discussed in great detail in Part 1. The 
carrier frequency of the F. M. transmitter used in the tests was 88 Me. and 
the non-line of sight measurements were carried out in a deep canyon near 
Los Angeles where a path difference of about a mile could easily be 
obtained. 

I. Line of sight measurements*: Under line of sight measurements 
could be grouped the following : 

(t) Car ignition tests. 

(ii) Field strength as a function of the height of the receiving aerial. 
(Hi) Distortion with the possibility of reception of the direct signal 
as well as reflected signals. 

The ignition system of cars is an important source of external noise at 
high frequencies and the results are shown in Table I below. 

Table I 


Car ignition tests 


Field strength using a half-wave dipole 

15 ft, above ground (juF/w). 

Noise extinction distance of a motor 
car from the receiver in feet (hori 
zontal polarization F. M.) 

so 

600 

75 

500 

lOO 

420 

ISO 

300 

200 

250 

250 

200 

300 

1 = 0 


The first column in the above table shows the field strength of the 
desired signal and the other column shows the distance at which a motor 
car should be for substantially complete elimination of interference under 
conditions of low ambient acoustic noise. 

The height of the receiving aerial is important and the tests showed 
that the field strength is approximately proportional'to its height. 

Lastly, the distortion measurements at some locations of the receiver 
wherein the reception of the direct signal as well as ' the reflected signals 
could be possible due to a range of hills only on one side did not indicate 
any significant results and very little distortion resulted. 

2 . N.on-line of sight measurements : The measurements under this 
type could be grouped under : 

*(«) Distortion as a function of the. modulating frequency with the 
deviation frequency as parameter. 

"‘(u) Distortion as a function of the deviation frequency with the 
modulating frequency as parameter. 

Both these sets of measnrements were made at a fixed position of the receiver and 
at a fixed orientatiem of the dtt^tonal antenna, viz., near the broadside poaition: 
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ic*oo ;^oc>o 50f)0 c<> 

Modulating frequency in cp/s 

Fig. 2 

(a)« 2nd. harmonic (i». 3rd, harinouic (c). 4th. harmonic 

Graphs of distortion Vs. modulating frequency with the deviation 
frequency as parameter. 
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.60 -4S -30 -15 to . >5 . . 30 45 

Polar angle (degrees) from rotation of receiving antenna 

Fig. 4 

Graph of perceat distortion Vs. polar angle of receiving antenna at 75 
frequency and 5000 c/s modulating frequency. 


^jO 


Kc/s deviation 



20 Kc/s dev. freq. 

5, 000 c/s mod. freq. 


30 Kc/s dev. freq. 

5, 000 c/s mod. freq. 


50 Kc/s dev. freq. 

6, 000 c/s mod. freq. 







55 Kc/s dev. freq. 

6, 000 c/s mod. freq. 


60 Kc/s dev. freq. 

5, 000 c/s mod. freq. 


65 Kc/s dev. freq- 
7# 500 c/s mod. freq. 



70 Kc/s dev. freq. 

5^ ooD c/s mod. freq. 


75 Kc/s dev. freq. 

7, 500 c/s mod. freq. 

Fig. 5 


Photographs of F-M distortion patterns in a few typ»<»l 
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(mi Distortion as a function of the orientation of the receiving: antenna 
for a fixed modulating frequency and a fixed deviation frequency, 
(tv) Distortion at different locations of the receiving antenna within a 
radius of 2o metres, for a fixed orientation of the antenna*. 

(v) Seasonal effects. 

(vt'l Preliminary tests ou the effect of tropospheric refi action. 

The results of the first three measurements are included in figures 2-4. 
Figure 5 shows some actual photographs of the distorttou patterns. 

The distortion measurements at different locations of the receiving 
antenna within a radius of 20 metres were made with the sole purpose of 
verifying the two signal theory directly. The results of calculation and 
experiment are given in Table II below for a modulating frequency of 
5000 c/s. and a deviation frequency of 75 Kc. The details of the calculation 
are given in the Appendix 


Table II 

Results of the second and third harmonics at the displaced positions. 



CALCULATED VALUES 

EXPERIMENTAL VALUES 

Position of the antenna 

1 

% second 
harmonic dis- 
tortion 

% third 
harmonic 
distortion 

% second 
harmonic 
distortion 

% third 

harmonic 

distortion 

Displaced position I 

12.1 

12.0 

10.6 

9.6 

Displaced positon 11 

II .8 

II .9 

10.4 

IT 4 

Displaced position III 

J 2.0 

12.1 

9.8 

10.4 


The seasonal effects on distortion are of interest and the results seem to 
indicate better reception in cloudy and drizzling weather than in hot and dry 
weather. 

The tests on the effect of tropospheric refraction resulting in transmission 
beyond the curvature of the earth (horizon 1 would be of interest in investiga- 
ting whether the case of diffraction was due to a single path transmission or 
multipath transmission. The results, however, were not significant as the 
signal at the receiver fell below the limiter level even though the receiver 
had a sensitivity of 15^1 F/w. 

DISCUSSION OF RESULTS 

Equation (z), which is a simplified expression for the percentage nth 
harmonic distortion, shows that the distortion is a function of the following 
. parameters, viz., ip, the modulating frequency, /«> the deviation frequency, 
the tin» delay -and lastly, 9 "”’ which is a fisnetiem of r, tiie ratio 
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of the two interfering sigiuils and 8 , the carrier phase sliift. For a fixed 
carrier frequency and for a particular orientation of the receiving antenna 
both and to are constants so that the distortion can be convenietly 

studied as functions of /,i, /p and «, th« order of the harmonics. Figures 2 
and 3 show these cases. According to cqt|ation (i) for a particvilar harmonic n 
the distortion should bear a linear relatii>nship to the modulating frequency 
with the deviation frequency fa as the ri^ning parameter. Likewise, a plot 
of the distortion vs, the deviation frcquet|cy on logarithmic paper should also 
be a set of straight lines for a particular harmonic with the modulating 


|d besides, in this case the straight 
lopes with increasing order of the 
ia fair degree of approximation in 
lose examination of these graphs. 


frequency as the running parameter. Ai 
lines should have increasing integral 
harmonic. These facts are borne out to 
the graphs of figures 2 and 4. A 
however, reveals the following results. 

Up to a deviation frequency of 50 Kc., the graphs of distortion vs. 
modulating frequency in figure 2 show a marked linear characteristic and 
this is particularly evident for the fourth harmonic in figure 2(c). The 
curves depart from the straight line behaviour at the higher modulating 
frequency and this is quite reasonable to expect. The graphs from 60 Kc., 
to 75 Kc. deviation frequency, however, do not reveal a marked linear 
behaviour and this fact may be interpreted to mean that distortion at these 
higher frequencies is not correctly given by the two-signal theory. Ihe 
curves at 75 Kc., 70 Kc., and 65 Kc., in these figures, however, have the 
same general behaviour and this fact may be significant. The graphs of 
distortion vs. deviation frequency in figure 3 arc in good agreement with 
the two-signal theory at modulating frequencies of 2500 c/s. and 400 c/s., 
and depart from the straight line behaviour at modulating frequencies of 
sooo c/s., 6000 c/5., -and 7500 c/s. The slopes of these curves coufinmK ouly 
•to the linear portion are nearly the same, whereas, the two sisual theow 
demands increasing integral slopes and this fact may well be attributed to 
the inadccjuacy of tho two-signal theory, 

- From the theoretical point of view, measurements on distortion as a fun- 
ction of the polar angle of of the directive antenna of the receiver means that 
both the ratio r of the amplitudes of the desired and the undesired signal and to. 

the time delay are changed. As 3 -'«/ 9 / 3 - Ms a fairly complicated expres- 
sion. the graphs in this case cannot be expected to show any simple behaviour 
and this is evident in figure 4. which refers to the case of - ^viatmn 

freauenev of 75 Kc.. and a modulating frequency of 5000 c/s. Ihe curves 

show minimum distortion near the broadside position of the antenna 

fLt may be significant. The lack of close agreement between the calculated 

5Ud c«^rimmfml values In Table II, for antenna ^ ^ ^ 

few wavelengths means that the two-signal theory can p^ict only the order 

bat not the irtaal magnitudes of the distortion at neigbbonrmg pomts. 

2— I778P— « 
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CONCI^USIONS 

The experimental investigations on multipath distortion in frequency 
modulation reception show fair agreement with the theoretical deductions 
based on the two-signal theory, viz., (z) higer distortion at higer modulating 
and deviation frequencies (2) fairly linear variation of distortion with modula- 
ting frequency at a particular deviation frequency for a particular harmonic 
and (3) more or less linear variation for a plot of logarithm of distortion vs. 
logarithm of deviation frequency at a particular modulating frequency for 
a particular harmonic. There is very little distortion upto a deviation fre- 
quency of 40 Kc. even at modulating frequencies of 7500 c/s. The more or 
less constant slopes of the curves of distortion vs., deviation frequency on 
logarithmic paper, as contrasted with theoretically increasing integral slopes 
with increasing order of the harmonic, may well be attributed to the inade- 
quacies of the two-signal theory. At least, the correct order of magnitude 
of distortion at neighbouring points is predicted by the two-signal theqry. 

The line of sight measurements indicate that (i) the reception is affected 
to a certain extent by car ignition systems, (2) the higher the receiving 
antenna the better is the reception and (3) very little distortion results when 
the ratio of amplitudes of the indirect signal to the direct signal is very small. 

Lastly, there is better reception in cloudy and drizzling weather than 
in hot and dry weather, a significant point compared to am'plitude modulation 
reception, 

A p p B N D i=x 

Method of predicting distortion at neighbou^g points, separated from 
the original position of the receiving antenna by a few wave lengths ; 

Referring to figure 6, knowing the distortion at the point <7 as a result 
of the two signals leaching from Pi and P3 it should be possible to calculate 
the distortion at a neighbouring point O' separated by a distance j of the order 
of a few metres. 

The path difference d' at the point in terms of the parameters at O can 
be easily calculated by methods familiar in interference-optics and is given by : 

d'a* d + 2 r cos (1^4 + «/ 2) sin «/2 
where + 

and d is the path difference at the point O. 5 is small so that r, the ratio of the 
amplitudes of the two interfering signals can be assumed the same in moving 
from O to O' . But this condition also makes the difference between d and d* 
small so that both s and rp* has to be measured accurately, perhaps to a 
fraction of a metre. 

The expressions for the percentage second and third harmonic distortions 
are (cf. eqn.x), 

r>a% = 2oo/„/d v*t*®du/©/3 
gpd Dt% — xooff, 
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Fig. 7 

Unidirectional antenna pattern of the receiving antenna without any appreciable 
book lobe. 

a set of expetirDeutal data for £? 2 % ^nd the point O, for a 

partictilar deviation frequency and different modulating frequencies. Then 
from' the average values of D%%lfp and Da%lfp, both /»®Q«/S/3 and 
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could be computed. Prom practical considerations the path difference cun 
be estimated to be in the ncighourhood of a mile. So, by trying different 
values of d in the neighbourhood of a mile with a view to matching up the two 
theoretical plots of r vs. P in figures i(a) and ^6), r, the ratio of the two 
signals could be determined uniquely. Two values for r are usually obtained 
and the one near unity is chosen, as the distortion is greatest when r is near 
unity. In a particular case the following values were obtained : 

<0=4*65 X 10"® sec ; £<=4.65 X 3 X 10* metres ; 9tt/9)8=o,75 ; 

9 ®u/ 3 ^® = i.3i ; r=o.86; j= 22 metres and ^i= 50®,- 

From the radiation pattern of the receiving antenna (figure 7) the value 
of r=o.86 corresponds to ^1 = 10° and ^'2 = 23® so that d'=i4oi.9 metres or 
to'— 4-67$ X 10*® sec. 

Hence the % second and third harmonic distortions at the displaced 
positions are* 

JD% = 12.i and I>8% = i2.o 

Nawonai. Phvsicai, Labokatory of India, 

New Delhi. 

* c. f., Table TI 
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ELECTRON MICROSCOPIC DETERMINATION OF SIZE 
AND SHAPE OF A SEW PLANT VIRUS 
(SANN HEIl|p MOSAIC) 

I 

By M. L. DE 

(Received for pnblictmoii, September, ^7. 

Plates I, B, XVIII 


ABSTRACT. The size aud shape of a liew plant virus, viz., saiin hemp mosaic, has 
been determined with the electron i^icroscope. The sample was obtained from a 
crystalline preparation of the material and shadowed with gold for electron microscopy. 
The virus has been found to consist of spherical particles with n mean diameter of 
37.4 ± e.miA. 

INTRODUCTION 


The electron microscope has found one of its most important applica- 
tions in the study of viruses. These bodies, responsible for many diseases 
of men, animals, plants and bacteria, range in size from about 300 m/i to 
TO w/4. Since the limit of resolution of microscopes using visible radiation 
is about 175-230 m/t and that of the ultra-violet microscope about 100 m/r, 
only a few of the larger viruses could be directly photographed with these 
microscopes. Size determination for the smaller viruses was, therefore, 
based on such indirect measurements as filterability, sedimentation and 
diffussion rate, viscosity. X-ray study, etc. Most of these estimates were 
based on assumptions, the validity of which was far from certain. 

Thus, the method based on filterability depended on the assumption 
that the filter membranes had uniform pore size and that the particles were 
all spherical. The method, therefore, could give only approximate sizes. 

The sedimentation and diffusion rate measurements provide accurate 
results only if the preparations arc homogeneous as regards particle size 
and weight and moreover, if certain assumptions are made, viz., that Stoke’s 
law holds for the sedimentation of the virus particles, that these particles 
are smooth, unhydrated spheres, and that the solution is structureless and 
has no anomalous physical properties. To what extent these assumptions 
are valid, is very uncertain and is itself a matter for further experimental 


investigation. j u 

Size determination from viscosity measurements has been made by 

several investigators who have, however, given divergent values for the same 
specimen. With regard to these measurements wo can do too better than 
quote BaWden (1949) who observes, “there is no reason to believe that any 



526 


M. L. De 


of these tneasuretneiits were made on homogeneous preparatiofte; all 
preparations contained aggregated particles and the kindest interpretation 
that can be put on different estimates is to assume that preparations of 
different states of aggregation were being studied". 

X>ray analysis, while it provides accurate ^ze estimatsosu* is 
unfortunately applicable only to those viruses that form crystals, or liquid 
crystals, for it depends on the refraction of X>rays by regularly arranged 
layers of particles. 

Other methods of indirect determination of size, viz., stream doable 
refraction, fluorescence microscopy, radio sensitivity, etc., give such widely 
varying values for any particular virus that one is at a loss to decide about 
the correct size. Thus, in the case of tobacco mosaic virus, the moi^ 
studied of all the viruses, the length measuretnents based on different 
methods range from 1400 tn/* (from bi-refringence) to 270 m/* (light 
scattering) (Bawrden, 1950). 

The electron nucroscQpe> with its present limit of resolution of the ordor 
of I tn/u, provides a ' direct method of studying the shape and size of most 
of the viruses. Covering the entire range of sizes occupied by these bodies, 
the instrument has already proved, and will doubtless continue to prove, 
of the greatest value in such investigations. 

The present paper gives an account of the electron microscopic 
determination of the size and shape of a new plant virus causing the mosaic 
disease of sann hemp plant. The virus was isolated and crystallised 
following the method due to Markham and Smith (i 94 ^) the Indian 
Agricultural Research Institute, at Delhi (Raychaudhury, X947)* The 
present work was carried out with the help of the electron microscope 
installed at the Institute of Nuclear Physics, a detaiW description of which 
has already been published (Dasgupta, and others 1948). 

EXPERIMENTAL METHOD 

For electron microscopy, the crystalline preparation of the sample was 
diluted in distilled water and a drop of the liquid was deposited on a thin 
collodion film supported by a 200-mesh wire screen. After allowing 
sufficient time for the suspended particles to settle down and adhere cm to 
the collodion film, the excess water was drained off. 

The sample thus prepared, when examined under the electron 
microscope gave very poor image contrast in the electron micrographs due 
to the low electron scattering power of the virus particles. To enhance 
the contrat of the microgrAphs, recourse was taken to metallic ^dwdpw- 
castlng of the p(re]>aratioa (Wyckoff, 1949). 

As usiMi, the pn collodion film was shadowed with an oblique 

beam of g<^ atomt In high vacuum. The angle of deposition of metal 
yi^mur was var^ frqnx xjfip to tan*^ z/ta. Such shadowed specimens 
were then mlicrc^apfaed. I^hree of the electron nmnographs are teproduoed 
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PLATE XVIIIA 



rt; 



Fig 2. 

Electron micrographs of gold-shadowed sann hemp mosaic virus. 

f Shadowing angle ; tan iL T Shadowing angle ; tan I'o 

>g- 1. ■< Thickness of gold : 6.3 A.U. Fig. 2 . j Thickness of gold ; 12.3 A.U. 

t Magnification : 38, 300 X ( Magnification : 45,000 X 




PLATE XVIII 



Fig. 3 


Electron micrograph of gold-shadowed sann hemp mosaic virus. 
Shadowing angle : tan ; 

Thickness of gold : 6.3 A.U. 

Magnification : 40,800 X 
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in figures i and a of Plate XVIII A and figure 3 of Plate XVllI B. They 
Ilium a greatly increased contrast due to enhanced scattering of electrons from 
the layer of metallic vapour deposited on the virus particles and the 
corresponding absence of the metal from the shadow regions. In additkitt 
to increasing contrast and therebj^ increasing the accuracy with which 
measurements can be made, shadowii^ further creates the impre^ion that 
one is seeing the specimen in thre^ dimension which greatly helps one to 
make an estimate of the shape of the i|articles. 

I 

Calibration of ntagnificalion. | 

In order to assess the size c^rectly from the micrographs, it was 
decided to calibrate the inagnifica^on of the instrument with the help 
of a collodion replica of a grating off known constant. This was done by 
keeping the projector current at th# settings at which the virus micrographs 
had been taken and a grating replica was inicrographed by mounting the 
replica sample at different distances from the objective pole piece. The 
corresponding objective lens focusing currents were recorded for the 
different mounting positions. From measurement of the line separations 
in the grating micrographs and knowing the grating constant, the total 
magnification at different objective currents were calculated and these 
magnifications were plotted against objective currents. From this curve 
of magnification vs., objective current, the maguification of the virus 
micrographs at any specified objective current could be found out. 

R If S U T S 


An inspection of the micrographs reveals that the predominating unit 
is essentially spherical in shape. The diameter of these units were carefully 
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Hlafogram illuatratiiig the dlatribotion of particle size in the micrographa of figares 
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measured and their actual sizes then deduced from the previously determined 
magnification factors. The spread of the measured particle diameters is 
illustrated by the histogram shown in figure 4. The mean diameter 
obtained is 37.4 wm with a standard deviation of ± 6.1 w/*. 

The micrographs show the presence of a few bodies larger than the 
average size particles. These are, presumably, clusters of the elementary 
particles, which, however, due to insu£Bcient resolution, could not be seen 
as distinctly separate bodies. 

For the purpose of comparison with the other plant viruses studied with 
the electron microscope, the following table has been prepared showing the 
size and shape of all the plant viruses including the one studied in the 
present investigation ; 


Tabi.k I 


Name of virus. 

Shape 

Size 

I. Tobacco mosaic 

Rod like 

280 nifi lonis: 

15 nifju wide 

2* Potato virus X 

Rod like 

500-600 fnfjL long 

16 tnpL wide 

3. Southern bean mosaic 

Spherical ♦ 

26 wft dtara« 

4. Tomato bushy stunt 

Spherical 

26 tnfA diam« 

5. Cucumber mosaic 

Rod like 

13 fn/A wide. 

6. Squash mosaic 

Spherical ' 

30 mft diam. 

7. Potato yellow dwarf 

Rod like 

200 tnfx long 

50 nifi wide 

8. Tobacco necrosis 

Spherical 

20 m/x diam. 

9, Turnip yellow mosaic 

Spherical 

22 mfJL diam. 

10. Sann hemp mosaic 

Spherical 

1 

37 ntjUL diam. 
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INFLUENCE OF JOSHl EFFECT ON THE EMISSION’ 
SPECTRUM OF CHLORINE ■ ’ “ 

By P. G. DEO 

{Received for publication, April 27, /9J1) 

Plates XIX A B 

ABSTRACT. When irradiated by 4750-4000 X the relative Joshi effect, %Ai, 
(looAi/idork) in loo mm chlorine was a maximum viz 86, at the threshold potential 6.9 KV : 
the corresponding glow intensity was extremely low. Increase of potential increased the 
intensity bat diminished %A». With ijo hours exposure, the spectrum was recorded J) 
with the tube excited at ii 3 KV ; (ii) with the tube excited and also irradiated by 4750- 
4000 X, the %Ai being 70 and (iff) with the tub- uncx'ited but irradiated The intensity 
distribution in the spectrum was recorded with a microphotometer m each of twelve sets 
of results for (f), (if) and (iff) The spectra) inteosity was found to diminish by irradiation 
outside its wavelength limits. This is attributed to a decrease m the population of excited 
particles in the ionized and pre-iouized states 

Arising out of earlier work, (Joshi, 1943 ; Joshi and Deo, 1942) was 
the question, now examined for the first time in this line of work, whether 
the observed suppression on irradiation of the discharge current i, constituting 
Joshi effect, is associated with a change in the corresponding spectrum. 

The experimental arrangement was similar to that used previously 
(Joshi, 1943) : It consisted essentially of a Siemen ’s type ozonizer enclosed 
in an opaque box and fitted with a shutter ; and was excited by a 50 cycle 
transformer discharge. It was found that the intensity of the glow under 
discharge was too low for a spectrographic record even with an exposure 
of about 300 hours near the threshold potential Vm, where the relative Joshi- 
effecl % At is maximum (Deo, 1948). A large increase in the applied 
potential is not an advantage, since while it increases the glow intensity, 
the corresponding % At is reduced greatly. This is shown by one typical 
series of data in Table I . From the results of series of trial experiments a 
potential of 11.3 KV of 50 cycle frequency was found to be optimum. With 
minimum loss of the glow intensity, it produced about 70 of Joshi- 
effect, when the tube was exposed to light from a z8o volt, zoo watt 
incandescent bulb and with a bulb filter (4750-4000 A) between it and the 
ozonizer. Hilger’s constant deviation medium spectrograph was used. 
The linear dispersion of the instrument was 15 A/mm at 410 m/t and 60 
A /mm at 590 m/t. The 'end on' position of the discharge tube was adopted 
which provides about 50 cm depth of the glowing column under discharge. 
The spectrum was photographed on the same plate with ident|9air|ec;i)4j,|^tts 
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Fig 1. 

Compnrativc cnii.s.‘<i(in spectra ol chlorine under Joslii effeef. 
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Microphorometcr records 
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Fifi. 3. 

Comparative emission spectra of chlorine under Joshi effect. 
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Fig 4. 

Microphotometer record. 
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rtf ™ Excited at n..^ kV* but Mcireened ■ 

from\e:rfeniarifaarht : (m ' 


tfdbft- excited as in (i) was' exposed transversely 
Hght and (u/r the un^cited tube was exposed only to 
(tt). The distribution of intensity in the spectrum corrte- 
I^ding: w (% *ii) and"(m)wererecord 4 lwithaMoIilarmicroph 6 tometer:’ 

tbe available glow intensity arid slit |?idth of i mm, an exposure of 
* , found necessary Mo obtsjfcn a reasonable impression' of - 
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Joshi effect J 
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Kelati>^e 
Joshi efiect 

% < - 

6.94 

' * f Cf \ , ‘1 

^5 

■ ; 

, 2 

13 

,86.0 

7.21 

24 

4 

20 

83.0 

7.48 

34 

6 ‘ 1 

'28 

82.3 

.. 7 .-n ..'T - 

40, 

9 . . M 

32 

. Bo o 

801 

4 *^ 

JO 

3 ^^ 

79.x 

8.28 

' 53 

12 

41 

77 3 

8-54 

60 

14 

46 

76.6 


the chlorine spectrum on fast Kodak superpanchromatic TRI-X cut dims. 
Very considerable difficulties were experienced, in the maintenance of identical 
operative conditions during each set of observations^ of (i), (ti) and^ (tit) 
requiring 360 hours" arid necessitated the exclusion , of non-wiriter iridnths. 
Two sets of spectra and the microphotometric curves shown in Plates XIX A 
and B are typical of a series of 12 sets of observations made during about two 
years. 

It is seen from curves (t) and («) corresponding to the discharge tube 
being in dark and exposed to light respectively, that within the region, of 
irradiation represented by iiiii) the intensity distribution in iU) is greater 
tilian that in (i) as is to be expected. It is remarkable, however, that the 
intensity curve (ii) for the irradiated discharge tube lies sensibly below the 
curve (t) characteristic of the system in dark, but outside the spectral limits 
of irradiation. This latter feature brings out the Joshi effect spectro- 
graphically. 

The constituents of a gas under electrical discharge are excited to 
different quantum states and are in a dynamic equilibrium characterised 
the activation and de-activation processes. This gives rise to the 
prodtsctiriii at the distinctive band or/and line spectra. The intensity of 
any iq>ectral line depends inter alia upon the peculation of the particles 
in the ccHrresiKmding quantum states, the latter being determined by the 
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excitation and de-excitation probabilities under tbe conditions of the 
discharge. A change in tbe intensity distribution under constant conditions 
of discharge would, therefore, suggest a change in the number of particles 
in the corresponding excited states. The above results indicate, therefore, 
that not only the ionization but also the pre-ionization states are affected* 

It is known that the energy E gained by an electron in traversing a free 
path A under an applied field A' is given by E=^Xe^, and that during an 
impact a part or whole of this energy may be imparted to the gas molecule. 
According to Joshi, the observed decrease by light in discharge current 
is due to the negative space charge formed by the capture by gas (particles, 
chiefly atoms) of electrons, emitted under light from the electrode layer 
(formed in part from an absorption of ions and excited molecules). This 
space charge would reduce the effective field across the gas phase and 
therefore, cause a decrease in the number of excited molecules and the 
intentity distribution of the spectrum as observed. 
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ELECTRON DIFFRACTION IN SOME CUBICAL CRYSTALS* 

By vSUBODH iuMAR MAJUMDAR 

(Received }or publication, September ig, 1931) 

Pl|te XX 

ABSTRACT. The spacings of a nunifaj^ of ciibiral crystals, obtained by metal shadow- 
ing in high vacnuin, have been determ ined^n the electron microscope from the diffractioa 
photographs. Except for Agllr, the vahiell tally with those obtained from X-ray diffrac- 
tion measurements. The diffraction phclographs obtained are very much sharper than 
similar pictures obtained witli metal foils biy previous workers. 


De Broglie’s theory concerning the wave nature of beams of electrons 
rendered it possible for a stream of accelerated electrons to be used for deter- 
mining the spacings of crystals. The experiments of Davisson and (»ertner 
(1927) first demonstrated the practical possibility of using electron beams for 
producing diffraction patterns of crystals. Thomson (1929) and others 
used thin metallic foils for producing diffraction effects with high speed 


electrons (isKV-boKV). 

Although the main use of the electron microscope has been until now 
the production of electron micrographs, a number of workers have in recent 
years utilised the interference ijheuomenon of electrons for measuring the 
spacings of different crystals. As a matter of fact, the best way to carry out 
these experiments would be to make parallel observations with X-rays and 
electron beams under similar conditions. Beischer (1943) bas compared such 
results with fine crystalline and colloidal substances. In such comparisons, 
the wave-length of the electron beam was not calculated from theory, but 
with the help of aluminium oxide foil as the calibrating substance. 
Measurement of some other physical properties, such as con^ctivity. simulta- 
neously with electron diffraction have l>een attempted by Hass (1946 With 
silver and aluminium shadowed samples. Other workers such as Mahl (1942). 
Moli^re (1940) and Mollenstedt (1944) have improved the technique of the 

measurements. 


experimental 


The experiments were performed at 
berg, with the kind permission of 
microscope was of the Borres-Ruska 


the Virusforschungsinstitut, Heidel- 
Prof. G. A. Kausche. The electron 
double magnification type made by 


* This work forms a part of the investigation carried ont by the aatlior at Vinu- 
forchnngainstitat, Heidelberg/a Necker. Germany in 1950-51. 
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Siemens, Berlin. High voltages of 55KV and 70KV were used for accelerating 
the electrons in different cases. The objective aperture piece was made of 
platinum-gold with a diameter of 0.3 mm. For diffraction experiments, the 
projective magnet piece was taken out and the diffracted beams photographed. 

r 

' '' Thin deposits of metals like gold, silver and copper were made on Saponih 
membrane placed on the aperture piece by shadowing in high vacuum. Pieces 
of the metal were placed inside a tungsten spiral held in position above the 
aperture piece within a bell jar evacuated to high vacuum and the thickness 
of the deposits was controlled by the time oi flow, current strength and the 
angle of shadowing. For silver chloride and silver bromide, the shadowing 
was done with silver in presence of chlorine and bromine vapour respectively 
within the bell jar at equally low pressure. 

The distance between the objective and the plate was 57*5 cm. The 
plates were developed and the distances between the circles were measured ; 
under a travelling microscope. 

Table I gives particulars about the high voltage used and the current 
strength in the different cases and Plate XX illustretes the diffraction patterns 
obtained. 


Table I 


Substance 

High voltage KV 

Current in milliamp 

... . , , Gold 

1 

55 

0.05 

Copper 

55 

0 05 

Silver 

55 

0.05 

Silver chloride 

"i _ 

(Ag volatilised in Cl?) 

70 

0.05 

Silver bromide 

(Ag volatilised in Br?) 

70 

0.05 

1 


The spacings were calculated in the following manner. If the incidient 
beam after reflection from a particular plane (h,fe,l) makes a cone of half 
angle 6/2 (figure 1), then rfk— tan 6/2, where h is the distance of the objective 
from the plate and r, the radius of the particular circle. 

Then 0/2==tan“*(r/h) and hence sin O/2 can be calculated for different 
values of r. By the method of trial and error, the constant value - 

using different values of n(=s V fc* + Jb* + 1‘) are obtained, correspond- 








Electron 
ing to each circle. If 


Digraction in some Cubical Crystals 

this constant value is k, then spacing Oo is given by 


555 


2 2K 

V it® + fe* + i* 



I he value of A is calculated from the equation 


A = , 


hnto-e. V / 1 + e.U \ 

v \ 2m„c^) 


where fe = Planck’s constant = 6.626 x lo"^^ erg /sec ; 

ma =rest mass of the electron = 9. 108 x 10“®® gni., 
e = charge of the electron =4.803 x io~’® C. G. S. units ; 
c = velocity of light = 3.oox 10’® cni/sec ; 

C/=applied K. M. F. (C. G. S. units). 

The values of A for 70 KV and 55 KV, the two accelerating voltages, are 
found to be 

Voltage A 

' 70 KV 0.04485 A 

55 0.0509s 

Tables II- VI give the values of x, the diameters of the rufigs in cm, Bfs, 
sin and K, the constant for the particular plane of reflection. 
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Tabi,e 11 

Gold (1034/43) 

Voltage used = 55 KV ±215 volts. .05095 A. 


Nature 

S 

W 

1 

W 

w 

x { cm .) ... 

2-595 

3015 

4 320 

S-AIO 

e/2 ... 


i*3o' 

2 9 

2 32 

sin ei2 ... 

.0112 

.0231 

.0187 

•0221 

K 

.00646 

.00650 

.00661 

.00663 


Mean value of /C=. 00655. 


Hence ao = — — — -^ = 3.90^. 

ax .00655 

Standard value for Au =4.07 A. 

Table III 
Copper (1042/46) 

Voltage used = 55 KV±2i5 volts. ■^ = .05095. A. 


Nature 

W 

W 

ft 

S 

w 

a?(ctn.) ... 

4 795 

4-050 

2.880 

1 

! 2.490 

1 

1.940 

ei 2 

2*23' 

2‘’l' 

1*26' 

i“l4' 

i 0^56' 

sin e/2 ... j 

.0416 

•«352 

.0250 

•oai5 

1 

.0168 

1 

K 

•006930 

i - - ■ 

.006902 

.006923 

.006797 

.006860 


Mean value of K — .00686. 


Hence 


a, ^iO^X=3.7i A. 

2 X .00086 

Standard value for Cu =3.60 A, 


Table IV 

Silver chloride (silver volatilised in chlorine). (1470/46). 
Voltage used = 70 KV ±215 volts. A = .0448 


Natnre 

V.W 

w 

w 

V.W 

V.wS 

V.S 

S 

»(cm.) ... 

4-945 

4-3785 

3-392 

3-244 

2.768 

1-959 

1-695 

e/2 ... 

3**8' 

2*ll" 

i*4i- 


1 * 23 ' 

0^50' 

0*58' 

sin e/2 ... 

.0430 

.0381 

.0294 

.0282 

.0241 

0169 

.0146 

K 

4M>4>ox 

,00413 

.004x5 

.004x6 

,00416 

.oo4to 

.(>64037 


Mean valae of K= .00412 
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Fig, (a) Gold 
{b) Copper 


Electron diffraction patterns 
Fig. (c) Silver chloride 
(d) Silver bromide 


Fig. (c) SJver 
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Hence 


a„ = i 22448 _^^ 

2 X .00412 ^ ^ 

Standard value for AgCl=»5. 54 


Tab^ V 

Silver bromide (silver volati^ed in bromine'. (1474/47). 
Voltage used = 70 KV ±215 volt| A = .0448 K 


Nature 

w 

s 

v.| 

s 

w 

W 

af(cni) ... 

1597 

1 .860 

* <5545 

3-251 

4-215 

4.627 

0/2 

0 * 47 ' 

0 ^ 55 ' 

1 

1*37' 

2*16' 


sm 0/2 ... 

.01388 

.0161 

.oa» 

.0282 

.0366 

.0401 

K 

.00462 

.00467 

.oQ 4 iB 

.00470 

.00463 

.00466 


Mean value of K = .00466 


Hence no= - . A = 4.82 -X. 

2 X .00466 

Standard value of AgBr = s.75 A. 


Tabi.e VI 


Silver (1046/46) 

Voltage used = 55 KV ±215 volts. A = .05095 A. 


Nature 

W 

w 

W 

s 

2;;(cin). 

i 

i 4.984 

4 292 

3-015 

2.610 

0/2 

2 “28' 

3*8' 

I 30 

I * 18 ' 

am 0/2 

-0430 

.0378 

i ,0262 

.0227 

K 

.00614 

.00620 

.00617 

•0061U 


Mean value of K = . 00615. 


Hence 


_ .05095 8 _ , S 

ao= s2— M — A~-4,I4 A. 

" 2 X .00615 

Standard value for Ag=4.o8 X. 


It would thus appear that except for AgBr, the values obtained hom 
electron diffraction experiments agree fairly well with those from X-»y 
diffmetion experiments, bearing in mind the error involved, in maintaining 
a constant primary current and in the calculation of wavelengffis of electron 

4— I778P II ' _ . T; 
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beams. The photographs of the diffraction rings are also much sharper than 
those previously obtained by other workers. 

The discrepancy found in the case of AgBr may be attributed to 
either of the causes referred to above or to ineffective bromination in the 
shadowing apparatus. The value obtained (4.812 is too small for AgBr 
and too large for silver (4.08 A). It is also not due to accidental falling off 
of tungsten particles (3.15 &) from the electron gun, as sometimes happens. 

Interesting results have been found with NaCl and KCl solutions, 
evaporated in high vacuum within the micorosco[)e. In these cases, in 
addition to the usual circles, number of spots have been noticed. These 
will form the subject of a later communication. 
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ON THE EXISTENCE OF ROSSI SECOND AND THIRD 
MAXIMA OF |OSMIC-RAYS 

By P. K. SKN dHAUDHURY* 

(Received for publicaticm, September 1051) 

n 

If 

ABBTR^ACT. 1 he controversial existenc|fe of Rossi second and third maxima of 
cosmic^rays were investigated in lead with a t^^iple coincidence arrangements of countets 
under different geometrical conditions and ^finite evidences have been obtained about 
the existence of a second maximum at about of lead and a third maximum at about 

23 cm of lead. Except for a drop of coincidence frequency at about 20 cm^ both these 
maxima might be considered as a single flat mitximum starting from 16 cm and upto 24 cm 
similar to the results reported by Schoppet and others. From a careful analysis of all 
the investigations made by other workers, it seems t > the author that the failure of some 
eminent W'orkers to confirm the existence of these higher maxima may be due to (a) 
firstly, overlapping by oblique .«howers when all the counters are placed very near the 
absorber and (hj much greater percentage of side showers of external and internal 
origin when all the three counters without appreciable vertical separation are placed too 
far below the absorber for narrow angle showers. An ideal arrangement, as follows from 
this investigation, is that one of the counters should be placed immediately below the 
absorber and the tv\o others as far below the absorber as possible. Incidentally, it follows 
that a similar arrangement should be used in a counter contTollcd Wilson chamber for 
investigating penetrating showers. 

For the intei pretation of the origin of these higher maxima, from their correspon- 
dence with anomalies in RaC gamma-rays absorptirn in lead reported by the author, it 
seems that either there are some residual photons in RaC gamma-rays and in cosmic-rays 
which do iif>t obey the cm rent theories of photon interaction and behave like an unstable 
neutrino or that some such radiations are produced by photon in lead. Further, from the 
fact that RaC gamma-says are of maximum energy of only 2.4 Mev the author suggested 
that the new type of penetrating radiation may simply be a positron-electron dipole 
behaving as a neutral electro-meson before annihilation or being dissociated back to a 
positron and electron by Philips-Oppenheimer process. From energy consideration and 
the position of third maximum, it follows that such a dipole mav have a maximum life of 
the order of lo'® sec only. 


r N T R O D U C. T I O N 

After the discovery by Rossi (1934) of the first maxiroura - under about 
a. cm; of lead, a second maximum between 16 to 20 cm of lead was reported 
by Certain workers, viz^ Hummel ii 934 N IDr^go (i 934 ^> Ackemanu (i 935 )» 
Clay, Gemert and Wiersma (1936) and others. Schmeiser and Bothe (1938) 
made an elaborate study of the second maximum and found that this 
maximum is prominent for narrow angle showers, being most prominent 
when an angle of 4'’ is subtended by the edge of the two lower counters 

♦ Formerly I.C.I. Research Fellow, Bose Research Institnte, Calcnita. 
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at the centre of the absorbers and it is hardly noticeable for a divergence 
of more than is®. By conducting the experiment in a cellar and under the 
open sky they concluded that the second maximum is due to the penetrating 
component of the cosmic rays, e.g., meson. After the publication of this 
report by Schmeiser and Bothe, there has been a considerable controversy 
over the existence of this maxinmn). Morgan, and Nielsen (1939), although 
they got the Rossi second maximum using an arrangement similar to that 
of Bothe, failed lo get it using four-fold coincidence of four counters in two 
vertical pairs. Dasgupta (1940; at Calcutta confirmed the result of 
Schmeiser and Bothe and obtained the second maximum under about 18.5 
cm of lead. Altuiann, Walker and Hess (1949' very c&iefully searched 
for these higher maxima using elaborate ptecaution. They at first, with 
a triple coincident arrangement, obtained some indication of two humps in 
the transition curve, one under about 13 cm and the other under 25 cm of 
leal absorber. The arrangement was such that one of the counter was 
immediately below the lead absorber and the two others at a distance of about 
25 cm below the latter, the lower two counters subtending an angle of about 
9.6* with the first one. But they did not get any hump in the transition 
curve when only coincidences between the two lower counters were recorded.* 
All their experiments were carried out in abasement w here the tempera- 
ture varied between 20 to 27°C. Later, they repeated the cxpeiiment with 
an ariaagement apparently identical with that of Schmeiser and Bothe but 
were puseled at not getting any evidence on the presence > f the second 
maximum. Similarly George, Janossy and McCaig (1942; using an 
arrangement similar to that of Hess and others failed to detect the Rossi 
second and higher maxima. These authors give a good summary of results 
and references of all the earlier investigations. Priebsch (1936) observed 
both second and a third maximum as early as 1936^'. 

Later, certain other workers, viz. 1 ‘rumpy and Bergens (1939-40), Ozorai 
(1944) and M. Delta Corte (1946) reported the existence of Rossi second 
maximum under certain experimental conditions. The original journals 
not being available in India, only their summaries in Science Abstracts 
could be consulted. Trumpy and Bergens observed that when the counters 
were surrounded by lead, there was no second maximum hut the latter appears 
when the counter system is surrounded by wood, etc. They conclude that 
this maximum is due to neutron in cosmic-rays. Ozorai, although he 
obtained Rossi second maximum for wide angle showers, showed that it 
disappears for narrow angle showers. Contrary to the findings of Schmeiser 
and Bothe, M, Delta Corte observed Rossi second maximuni'jfor two particle 
showers but not for 3 or mOTe particles. In a Wilson chamber analysis 
Broussard and Graver (1941) obtained evidence in favour of second maximum 

* The anthor is thankful to Professor -W. Bothe for kindly pointing out this in a letter 
to the author. . 
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of two particle shower. Similarly, Siuha (1943; with a counter controlled 
Wilson chamber obtained some evidence on the existence of Rossi second 
maximum. Mohr and Stafford (1944) using: an ionisation chamber obtained 
a hump under about 20 cm of lead. 

Recently, Clay ^1949' claimed to have definitely established the existence 
of second maximum under about 16 fin of lead and a third maxiimiin 
between 20 to 24 cm of lead. He further confirmed his re.sults by repeating 
the experiment using gold and mercury ^jsorbers vinder the assumption that 
the second maximum is produced by ku<|.'k on electron by meson. Fenyves 
and Haiman (1950) measuring only |the vertical component, obtained 
■evidence of a feeble maximum under cm of lead and a third maximum 
under 26 cm of lead. The geometry lof their experimental arrangement is 
not mentioned. Hey land and Dun^nson (1951) have veiy recently 
contradicted the results of the above hvorkers. But in their arrangements 
they have placed two counter 1 trays in iJoincidence above the lead absorber 
and consequeutly such a system cannot detect any increase in coincedence 
rate due to the production of secondary showers in lead which is indicated by 
the absence of even the first maximum in their transition curve. Hence from 


this experiment, which simply measure the incident vertical component, one 
cannot say if the second or third maxima exists or not. Bothe and Thum 
(1950) have again claimed to have definitely established the second and third 
maxima using very ingenious crossed cotmters arrangement over a large 
effective area and thus with a large coincidence frequency at the same time 
well-defined solid angle. They have selected by coincidence and anti- 
coincidence the showers produced by ionising or non-ionising radiation 
incident on the top of the absorber and from there conclude that the incident 
radiation producing second maximum is a single cliarged particle, whereas, 
the third maximum is produced by a long-lived neutral particle. The position 
of the third maximum, as found by these authors and also by Fenyves and 
Haiman (loc cit), is dependent on the barometric pressure. Mathov »» 

also recently repoited the existence of a second maximum at about 13 cm of 

lead which when corrected for the concrete roof amounts to about 18 cm of 

lead Schopper. Hocker and Kulm (1951) using photographic emulsion have 

' . . -1 thf* PTcistence of a second maximum in lead 

obtained definite evidence about tne exisrencc ot 

starting from 15 cm and up to about 24 cm of lead. . 

The question arises why eminent experimental physicists like Hess and 

his collaborater. Janossy and his associates, could not delect these second an 

third maxima The present writer, therefore, made a careful analysis of 
third maxima. v ^ by these investigators and an 

different m be the probable causes of their 

fa-lurr ' I^apya7s^hat (a) if such higher maxima exist at definite vertical 
rjness Of the ^Wber 



542 


P. K. Sen Chaudhury 


very near the bottom of the lead absorber, such a system will be equally 
sensitive to oblique showers as well to showers coming from the vertical 
direction. This is most prbably the reason why Hess, Janossy and their 
co-workers could not detect these higher maxima in some of their experimental 
arrangements. Moreover, Janossy and his co-workers in most of their 
experiments, used successive thickness of lead absorber in big steps. As for 
example, table 3 of their paper shows that after 10 cm of lead they next used 
17 cm of lead absorber, to find out whether the second maximum exists 
assuming that after the first Rossi maximnm, the minimum is reached at 10 
cm of lead. But this is not true, at least under certain experimental condition 
asis indicated in table 4 of their paper, recording their subsequent experi- 
ments. The results obtained by us also show that the minimum is not always 
reached at 10 cm of lead. To eliminate the effect of oblique showers, the counter 
system should be at a fair distance vertically below the absorber. But again 
if the counter sytem is shifted too far below, then it becomes more and more 
exposed to air showers and other side showers generated in the roof, etc., 
reaching the counter system other than through the lead absorber. But if 
one of the three counters is sufficiently sepaiated vertically from the two others 
then it becomes sensitive only to vertical showers coming from the top 
absorber. These conditions are to some extent fulfilled in the arrangement 
used by Clay and very nicely fulfilled in the arrangement by Bothe and Thurn 
in their recent experiments except when they use anti-coinCidence of the top 
counters for neutral radiations only. This is the reason why, as stated above, 
Hess and his co-wokers using an arrangement similar to that of Clay obtained 
some evidence of two humps at 13 and 25 ern of lead for triple coincidence 
arrangement, but not for double coincidence when the top counter was 
excluded. In the arrangements of Schmeiser and Bothe, as indicated by the 
scale of their diagram, the system of four counters in triple coincidence was 
placed dt a distance about 30 to 40 cm below the absorber such that the tw'O 
lower counters subtend an angle about 4” at centre of the bottom of the 
absorber. The two upper counters connected in parallel were shifted up by 
about 10 cm from the two lower counters. They used lead absorbers of two 
different dimensions, the first set of absorbers being of dimension 40 x 40 cm* 
and the top absorber being of dimension 6zx6i cm*. Janossy attributes the 
second maximum obtained by Schmeiser and Bothe to be due to first maximum 
at the edge of the protruding top absorber as he himself, by an apparently 
similar arrangement, could get a second maximum at about 14 cm of lead. 
But both Hess and Janossy placed the counter systeip at a much greater 
distance below the ' absorber in order that the edge of the lower counter 
subtend an angle of 4* at the centre of the bottom of the absorber, similar to 
that of Bothe and Schmeiser. This is probably due to the greater horizontal 
separation between the two lower counters. As indicated by the scale at 
their , diagram, Hess placed the counter system at a distance about xoo cm 
and Janossy at a distance about 60 cm below the < bottom of the absorbs 



i indicated by Janossy's data (loc. 
showers, due to air showers and the 
lore than the number of showers 
lin of lead* Moreover, the result of 
le that as the distance between the 
ised by keeping the upper counters 
|*r, then the intensity of showers 
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whereas^ Schtneiser and Bothe placed the counter system only at a distance of 
about 30 to 40 cm. Moreover, in both Hess’s and Janossy’s arrangements 
the vertical separations of the top counters from the two lower counters was 
very small, particularly in that of Hes^ As such, their arrangement of 
counters is more favourable for the defection of side showers of external 
origin and showers generated from the prc&ruding position, if any, of the top 
absorber; both Hess and Jauossy perfo^ed their experiments in basements 
with probably sevei al stories above and a^ 
cit. Table 5) the number of background] 
showers generated in the roof, etc. , is 
generated in lead absorber after about 10 
present investigations by the author indie* 
absorber and the lower counters is incf 
in parallel immediately below the absort 

generated in lead and recorded falls of rapidly, following nearly an inverse 
square law from the bottom of the absorber. On the other hand, as the 
counter systems, close’y placed together, are shifted more and more below the 
absorber, more and more back ground showers pass through the counter 
system other than through the absorber, as the shielding effect of the top 
absorber becomes smaller and smaller; consequently at a large distance the 
percentage of shower, generated in lead will be small in comparison with the 
background shower ; so even if there is appreciable variation in the number 
of showeis generated in lead, it will be hardly detectable in the total number 
of showers recorded. As stated above. Das Gupta in Calcutta obtained 
the Rossi second maximum, though he also placed the counter system at a 
distance about 80 cm below the absorber. 'I'his is due to the fact that m his 
arrangement, the two top counters in parallel at the top of the triangular 
arrangement uere vertically separated from the two bottom counters by a la.ge 
distance of about 20 cm. This gave a strong bias for recording only showers 
coming from the vertical direction. Incidentally, from this analysis as well 
as from the results of this investigation, it may be pointed out that toeh.nmate 
side and oblique showers, while investigating penetrating showers with a 
counter controlled Wilson chamber, the lower counters should be placed as 
fac below the absorber and the Wilson chamber as is p(»sible and another 
counter above the chamber and immediatly below the absorber. 

In the light of the above analysis, to obtain further confirmation, we 
did our experiment more carefully and obtained definite evidence about the 

of two ni&xini3. 

Five counters of length about ao cn. «aa diameter about 5 cm were used 
in a triangular arrangement of three Wd coincidence, three top wnnters m 
parallel were placed immediately below the top absorber and the two 
l^efcounters were placed at three different dista^s xo 
and 66 cm vertically below the bottom of the absorber 'such hat 
the angle subtended by the centres of the two lower counters 
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at the centre of the bottom of the absorber were *2.5°, 91“ and 3.4° reap«M> 
lively from these three distances. A lead sheet, one cm thick, was (>Iaced 
between the two lower counters in order to eliminate coincidences due. to 
electrons knocked out from the counter w’all. A vertical section o£ the 
experimental arrangement is shown in figure 1. The experiments were 
conducted in open air with a bamboo-mat shed constructed in the B(M|e 
Institute garden. The circuit diagram is shown in figure a. The 
absorbers used were commercial lead sheets of dimension by 12" 

and of two different thickness and Again, in order to detect 


Pb 





Fig. 2 

(Re<ti>tstice8 in M fi and capacity in niFd. The grid-leak resistances are each as M A, 
and not 2.5 M n as shown in the diagram) 
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any variation due to comparatively narrow angle showers at the same vertical 
distance lo cm below the absorber, a second arrangement of the counters 
was used in which the two lower counters were brought together without 
any gap and the lead sheet in between them was removed. The angle 
subtended by the centres of the two counters at the centre of the bottom of 
the absorber is then 17®. The detecfing arrangement used is a simple Rossi 
coincidence circuit, using one stage « amplification with type 57 valve. 
Details of the circuit is similar to j^at given by Strong and others (1939). 
The resolving time was such that the| accidental coincidence rate was less 
than the statistical error in all the ^perimental values obtained. In order 
to eliminate the effect of statistical fi|ictuations and other corrections due 
to temperature variation etc., the e|cperiment under each geometry was 
repeated at different periods under neafiy constant temperature and weather 
condition. Every day the data of this experiment were compared with those 
of a continuously recording pressure ionisation chamber set up in the Bose 
Research Institute, and any major variations in cosmic ray intensity, due to 
magnetic storm, Sunspot activity etc., when detected by both the experi- 
ments, were omitted when calculating the average frequency of coincidences. 
As a matter of fact, such occasional variation in cosmic ray intensity itself 
forms a very interesting field and the author with Chakraverty fChaudhury 

Table I 


Thickneiis 
of rb. ab- 
sorber in 
cm 

Kxpt. No. I. 
(March, 1950) 

Expt. 

(April 

No. 2 . 

. 1950) 

Rxpt. No. 3. 
(May, 1950) 

Average results of three 
Experiments 

Hours of 
obser- 
vations 

Average 
coinciden- 
ces per 
hour 

Hours of 
obser- 
vations 

Average 
coinciden- 
ces per 
hour 

Hours of 
obser- 
vations 

Average 
coinciden- 
ces per 
hour 

Total 
hours of 
observa- 
tions 

Mean average 
coincidences 
per hour 

nil 

6 

15-1 





6 

15.1 ±1.6 

1.91 

7 

64 5 





7 

64 - 5 ± 3 *«» 

8.25 



6 

19-5 

4 

18.0 

10 

18.7s ±1.37 

10.16 

11 

16.27 

13 

19.15 

>3 

1975 

37 

18.4 ± .71 

12. z 

12 

17 3 

12 1 

20.75 

12 

21.5 

36 

19-85 ± -75 

14.29 

11 

1 18.63 

33 

18.3 

XI 

18.63 

35 1 

18.52 ± .73 

16. 2 

12 

17.17 

13 

16.84 

14 

x 8.<>7 

39 

17-36 ± -67 

18.1 

12 

2 T .9 

16 

19-4 

11 

22.09 

39 

21.13 ± .74 

20.0 

12 

19.08 

13 

19.0 

12 

18.66 

37 

18.91+ .71 

21.9 

%2 

18.41 

12 

1S.5 

zo 

x 8.2 

34 

18.37 ± .74 

23.^ 

19 

19.9 

fl 

20.2 

14 

18.07 

44 

1 

z 9 - 39 ± >66 

26.34 

*4 

j' 17-5 

13 

18.61 



27 

18.05 ± .8s 


5— 1778P— II 
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Table II 
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Table III 


Thickness of 
Pb absorber 
in cm 

Expt. No. I 

Jan — Feb., 1951 

Expt. No. 2 

March — ^May, 1951 

Total hours 
of obser- 
vations 

1 Average 

frequency 
pet hour 

Hours of 
observa- 
tion 

Frequency 

per 

hour 

Hours of 
observa- 
tion 

Frequency 

per 

hour 

7.91 

8 

^3'4 


j 

1 

8 

23-4 

S.as 

T4 

7*9 



14 

7-9 ± -75 

10. I 

17 

7-7 

8 

5 

35 

6*87± .52 

13.1 

16 

6.0 

II 

3.81 

27 

S-II± .44 

14*«9 

i6 

4.1 

16 

4 38 

32 

4.24 ± .36 

z6.2 

19 

5*3 

10 

5-5 

29 

5-57 ± .43 

18.1 

16 

5-4 

19 

5*94 

35 

5.6g+ .40 

20 , S 4 

15 

5-3 

2 C 

4.75 

35 

4-97 1 -38 

«3 03 

13 

5-5 

14 

514 

27 

5.3a ± .44 

25.62 

8 

4-75 

13 

4 54 

21 

4.6a ± .47 

29.0 

33 

4 61 1 

1 


33 

4.61+ .37 


and Chakraverty, 1950) published a note on one of such variation when the 
intensity increased by about cent per cent. The experimental data under 
two different geometry are represented in Table I and Table II and the 
average shower frequency plotted against absorber thicknesses are shown 
in figure 3, and figure 4. Since the coincidence rate without the i cm lead 
between the two lower counters became nearly double that of the lead 
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Table IV 
^June, 1951) 


Thickness of Pb 
absorber 

Honrs of 
observations 

Average freqnencj' 
per hoar 

1.9X cm 

16 

5. 88 ±. 61 

10.10 ,, 

16 

0.50+ .18 

14.89 „ 

26 

1.0 +.85 

16.2 ,, 

16 

i.i 3±.27 

18.0 „ 

20 

1.8 ±.30 

20.22 ,, 

14 

57 ±-20 

23 03 „ 

16 

1.T3 + .27 

25-62 

14 

.14+ 10 

27 30 

8 

.25±.i8 



Fio. ’5 
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sheet as shown in Table II, therefore it was suspected that so much differ- 
ence might be partly due to spurious coincidences due to a single particle 
which simply knocks out an electron from the counter wall which passes 
through and excites the other counter. So the two subsequent experiments 
with the two lower counters at 25 cm and 66 cm below the absorber, were 
done only with the lead sheet betu’od|i the counters so that no knock-on 
electron can pass through it. The expet^nental results are shown in Table 
III and Table IV and in the averam shower frequency are plotted in 
figure 5. 


R S U Iv J' vS AND 


1 vH U S S I < ) N S 


I 

Table I and the curve i)lotted ini figure 3 show that after the pro- 
minent first maximum there is definitely ^ second maximum at ab<}ut t8 cm 
of lead supported by each of the three se|>arate experiments, lint in addition, 
there are some evidences of two less prominent maxima at about 24 and 12 
cm of lead. The shape of the transition curve is rather complex in this 
position. When the two lower counters w'erc brought very near and the 
I cm thick lead sheet between them eliminated, then, as stated above, there is 
an appreciable increase in the frequency of shower which may be partly due 
to such an arrangement being more sensitive to recording oblique .showers 
and knock-on showers. vSuch an arrangement is also more sensitive to 
slightly narrow angle showers. The results in lable II and the curve 
plotted in figure 4 show that the second maximum has shifted to about 
16 cm of lead but there is a definite third inaxiitmin at about 25 cm of lead. 
The slight shifting of the second maximum in this case might be due to 
greater predominance of oblique show^ers travelling a greater oblique distance 

than the vertical. 

Tables III and IV and the corresponding transitiou curves plotted 
in figure 5 also shows that after the first maximum, there is definitely a 
second maximum at about iS cm and a third maximum at about 23 cm of 
lead Except for one point under 20 cm of lead, we might consider . the 
second and third maxima to be a single rather flat maximum between 16 
and 26 cm of lead exactly similar, to the shape of the transition curve obtained 
by Schopper and other <loc. cit.). But in both the experiments we found 
the coincidence rate under 20 cm to be much less than that under 18 an 
2^ cm of Pb absorber. Further, as shown in the last curve vtwo lower 

centers at a distance 66 cm below), the second and third maxima are very 

prominent when the counters subtend an angle 3^ at the centre of the 
Lttom of the absorber. This is in agreement with Bothe and Thurn {loc. 
cit ) But this may be either due to the pair of particle responsible for these 
tnaximum are initially emitted with a very narrow angle or it may also ^ 
at least partly due to complete elimination of oblique and side showers. In 
our curves both the second and third maxima are much sharper than those 
of Bothe and Thurn who have obtained a flat-second maximum. But this 



550 


t*. iK. Sen Chaudhury 

may be due to large effective area of the crossed counters used by them so 
that the pair of particles may come from appreciably oblique direction. 
Another interesting fact of our investigation is that after the third maximum 
at about 23 cm of lead there is an abrupt drop of coincidence frequency. 
A similar sudden drop in meson absorption has been reported by Aiya (1944) 
and Gill (1950). 

From these experiments it can be definitely concluded that there is a 
second maximum of cosmic rays between 16 and 18 cm and a third maximum 
between 23 and 25 cm of lead. It should, however, be mentioned that since 
the old commercial lead sheets were used as absorber and since all the lead 
sheets are not exactly of uniform thickness, therefore, there may be an uncer- 
tainty of about I cm in the exact position of these maxima. 

Now for the interpretation and origin of these higher maxima, various 
conclusions have been made by different workers. Schmeiser and Bothe 
from the experiments in open air and in a underground cellar, concluded 
that the second maximum must be due to a meson. But even in under- 
ground cellar there will always be ptesent equilibrium amount of decay and 
knock-on electron associated with meson. Bothe and Thurn further con- 
firm their previous conclusion by their recent experiments. The 6*-curve of 
their results showing only the second maximum is due to showers produced 
by a single charged particle. But in this curve both the first and the third 
maximum are absent. It is not clear why there should not be the first 
maximum in the C-curve. The d-curve of their results showing only the 
third maximum is due to a non-ionising radiation incident on the top. From 
a comparison of C'-and d-curves they conclude that the second maximum is 
only produced by a single charged particle, probably a jr-mesou dissociating 
into a j«-meson pair according to the process recently suggested by Wenlzel 
(1050). The third maximum they believe to be produced by a long lived 
neutretto. But it is not clear how can a hard /u-meson pair produced by 
Wentzel’s process get so easily absorbed within a few cm of lead after 
producing the second maximum . If the ft -meson pair are very soft then 
these will suffer so much multiple scattering while passing through the lead 
absorber that there will hardly be any chance of recording them in a narrow 
angle. Moreover, since both the first maximum and the third maximum are 
absent in the C-curves, therefore from their experiments one may not conclude 
that the third maximum cannot be produced by a single charged and 
energetic electron or positron which also produce the first maximum. In 
fact, there may be some genetic connection between the first and the third 
maximum. The non-ionising radiation producing the third maximum may 
also be an energetic photon. Schopper and others state that the stars 
responsible for these maxima resemble the stars produced by photon 
cascades. Clay believes that the second maximum is due to knock-on 
electrcm shower produced by a meson. His data shows that the second 
maximum is more prominent for showers of low intensity and. not 
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necessarily a shower of two i>arliclcs with narrow angular divergence. If the 
secondary radiation producing the higher maxima consists of photons of low 
energy, then of course the probability of recording threefold coincidence is 
decreased by a factor of the order io”^ko that of two-fold coincidences and 
in that case some of the cloud cha|nber and other evidence of the 
second maximum to be due to two particl^ showers,, may be simply due to 
Compton electron instead of a meson ^air. Trumpy and Bergens, who 
obtained the second maximum only w]|ien the counters were surrounded by 
wood, etc. and not when surrounded bj^ lead, concluded that the second 
maximum is due to neutron. Similarljr to interpret the results of Nielsen 
and Morgan, who obtained second m^|ximum using a triple coincidence 
arrangement similar to Bothe and Schmfiser but failed to detect it using 
four-fold coincidence in two vertical pairs, it must be assumed that 
secondaries are soft radiation of low Intensity. But we understand that 
Bothe and Thurn placed lead absorber' a little above the crossed counters to 
study the nature of secondary I'adiation responsible for the second maximum 
and they found some residual effect even after lo cm of the absorber. 
But there may be some difficulty in this conclusion due to the 
formation of third maximum and also if the secondary radiations 
are produced by a neutral particle with a life such that it decays or is 
annihilated at a distance just above the crossed counters then the absorber will 
have no effect on it. 

From all these it appears that the origin of those higher maxima and the 
nature of the secondary raditions ai'e not yet clearly explained. But we were 
led to these investigations due to the correspondence of these higher maxima 
with anomalies in RaC gamma ray absorption in lead reported by the 
author (Sen Choudhury 1948, 1950 and 1951)- Particularly the abnormally 
low value of the absorption co-efficient of RaC gamma-rays in lead, as shown 
in figure 6 between 22 and 25 cm of lead is almost in exact coincidence with 
the third maximum obtained under these investigations and by Bothe and 
Thum in their d-curve. The experimental value of the absorption co- 
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efficient in this region is far behind the theoretical luinimum value about 
.47 cm~‘ for photons of all energy as calculated by Heitler (1944)* The 
experimental values of absorption co-efficient at about 20 cm of lead is in 
agreement with the theoretical value. Some peculiarities in absorption were 
also observed at at out idem of lead. Soddy and Russell (xgio), about 40 
years back, actually obtained a hump in the log intensity curve exactly 
in the region where Rossi second maximum is obtained. They interpreted 
this to be due to some, peculiar secondary radiation generated in lead and 
manifesting itself in this locality. They could eliminate it by bringing the 
electroscope very near the Radon source. Now, unless these correspon- 
dences are purely accidental, it is very likely that the higher maxima, 
particularly the third maximum in Rossi curve and the anomalies in RaC 
gamma-ray absorption have the same origin. In this case we must conclude 
that either there are some residual photons in RaC gamma-rays and in cosmic- 
rays which do not obey the current theory of photon-interaction with matter 
and resemble neutrino-type of radiation which is unstable or some such radiation 
is generated by photon in lead. Again in order to explain the dependence 
of the position of Rossi higher maxima on the absorber, we must assume 
that, however small, these radiations must have some continuous interaction 
with the material of the absorber before being transformed into a counter- 
detectable radiation. From this as well as from the fact that RaC gamma- 
rays are of maximum energy only 2.4 Mev, the author suggested 
that this radiations may be purely due to a positron-electron dipole behaving 
as a neutral electro-meson before annihilation. Such a dipole may again 
dissociate back to a positron and an electron by Phillip-Oppenheimer process 
in the strong nuclear field of lead. According to' Wheeler (1946), such a 
system can ouly form hydrogen-like atom with parallel spin and a life of 
about io“* sec against anuihilation. The probability of their direct forma- 
tion is one in million. Deutsch (1951) obtained experimental evidence 
of the formation of such system called positronium in abundance- But as a 
hydrogen-like atom of dimension about lo”® cm such a system has very 
little penetrating power as a neutral particle unless the positron and 
electron are much closer together like a dipole. According to Heitler 
(1944), again the probability of a positron capturing an electron is maximum 
when its kinetic energy is .5 Mev. So a positron -electron dipole with very 
slight interaction in lead and with this much energy requires a maximum life 
of about io“* sec to produce the anomalies the dependence on spin may be 
responsible for the two groups of slightly different life- 

Further, in this connection a reference may be made to certain experi- 
ments performed by some Chicago physicists. Oerhart Groetzinger, Kruger 
and Lloyd Smith (1945) obtained some excess of counting near a cyclotron 
with counters arranged in coincidence and shielded by more than 19 cm of. 
lead absorber. ,They interpreted these to be due to artificial productirm of 
meson af low mass intermediate to that of a meson land an electron- 'i'he 
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production cross-sections are similar to that for bremsstrahlun®. But they 
iloc.cH, X947) could not confirm their hypothesis by their subsequent cloud 
chamber analysis. Broadbent and Janessy ^1949) concluded that the 
particles responsible for some penetratiilsr showers are not mesons but some 
other particles produced according to a Z* jiaw. It is not unlikely that these 
phenomena, the anomalous absorption oj photon and the two higher cosmic- 
ray maxima have the same origin. All thme may be satisfactorily explained 
by the above hypothesis of a positron «ctron dipole behaving as a neutral 
electro-meson before annihilation and nth very small interaction with 
matter. Recently, Steinberg, Panofsky itnd Steller (1950) with Berkely 
cyclotron have definitely established the production of neutral meson along 
with charged meson by photon. But sinci the life of such a meson is found 
to be only about 10“*® sec, therefore, sucl^ neutral meson either produced by 
photon or knocked out from a nucleus hir proton cannot explain the two 
Rossi higher maxima. It may, there^re, be posible that by similar 
mechanism neutral electro- meson, with properties described above and with 
longer life, can be directly or indirectly produced by less energetic photon 
along with positron and electron. For further elucidation we may try to 
repeat this investigation with a counter-controlled Wilson chamber. 
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SOFT X-RAY L-SPECTRA OF Fc, Co, Ni, Cu AND 

THEIR 0>!iDES* 

By K. das GUPTA and S. BHATTACHERJEE 

(Received for publicationM^ovember 9, 1951) 

L2t 3 band spectra of Fe— Ca aw their oxides have been investigated in 
the reglott 13— rS A, U. witli bent mien and gypwm crystal in a Siegbabn’s vacaum grating 
spe^rograph. 1,3 bands of Fe— Ni have more or Itss the same energy width of 13—16 eV. 
In these elements a weak extended structure op the short wavelength side of the main 
band has been observed. The main La band hav^g a width of seV approxiraatelv, along 
wfth its extended strnctnre on the shorter waveleiigth side has been considered to be the 
valence bands of these elements. 

INTRODUCTION 

The valence bauds of the elements iron, cobalt, nickel and copper 
consist overlapped 3d ; 44-, p bands. Ea, 3 valence band spectra of these 
elements ■ reflect the energy spectra of 3d, 4.? electrons. The wavelength 
range of radiations lie between 13 — 18 A. and is too short compared -to 
their M spectral region. Thus there will be some broadening of the edges 
due to the radiation damping in the case of the L3,s' valence baud spectra ; 
while in the case of M spectra, due presumably to the Auger broadening of 
the X-ray levels, the valence band will have some broadening effect. 
Moreover, M2 and Ms bands might overlap quite considerably creating 
complications in the point of analysis, while in the Ea, s region of these 
elements, the Ea and Es bands are distinctly separated from each other. 

The E bands of metals Fe-Ge were investigated by Gwinner (1938) using 
a bent crystal spectrometer. 

The present investigation was undertaken to obtain, La, s bands of 
Fe-Cii in pure elements and in their oxides. In the case of copper oxide, 
special attention was given to investigate the difference in the band pattern 
of cuprous oxide from that of cupric oxide. Special care was taken to keep 
the metal surface of the target of the X-ray tube free from oxidation when 
studying the pure elements. 

fiXPERlMRNTAL RESUETS 

E#, s bands of Fe, Co, Ni and their oxides have been investigated with 
a bent mica crystal in a Siegbahn's vacuum grating spectrograph. For the 
inve^atiou of Ea, a bands of copper ar^ its oxides, a bent gypsum crystal 
was used. Fine platinum wire coated with suitable oxides was Used as a 
• Cimimtttticated'ty S* NVBbae. 
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rated from the ha baud. The peak position of the ha band is at x5,930 
X.U. There is a sign of a distinct short wavelength structure at i5>9o6 X*U- 
This structure appears prominently in Co-Cu alloys. 

Nickel. — The width of the La-ban 4 of nickel is 15.8 eV. The peak at 
14*530 X.U., lies towards th^Jow "Snergy side of the band. The iMctension 
on the shorter wavelength side of the main peak is quite prominent. Tn the 
case of nickel oudg^Jthe total Jjand.. wid^ of JUo J^nd 4 s nearly of the steie 
width as that in pttre'Nickel."‘“'"riie prominent Structure 14,423 X.U. in the 
case of nickel oxide is clearly noticeable ohlUce the oxides of iron and cobalt. 

Copper. — ha or La band of eleCtrplytic cppper is a broad band having a 
width of about 19.0 eV. with^three'distinct structures_in-rtl€ La band at 13,325, 
13,267 and 13,265 In CuQa the band pattern changes considerably, 
as shown in the niicrophotontef^ records. ‘ Jn CuaO, there is a prominent 
long wavelength Jailing not tb be'^ found in CuQ ‘or Cu. 

CONCI/DSibN 

I '■* 

The investigation of L* bands of Fe*Cu and their oxides clearly points 
out the following facts: 

(1) The valence bands, viz : ; 4r, p bands, of all these elements con- 

sist of a broad band with structure. 

(a) The widths of h» band these elements are fairly of the same 
order (Table I). h . 

Table I . . . 

■ 1 - 

— I— — — 

Widths of I/3 of band in eV 


Fe 

Fe ,04 

Co 

CoO 

Ni 

i 

Nu) 

C« 

CtajO 

, Cao 

13.3 

13.0 

* 3-7 


15.8 

ij.o 

19.0 

' 24.0 

I 93 >- 


' - ■ (3)' The chaJnge'In the baud pattern of Ls band in the ca^ of ^ oxides 
fioxnWottt a change in the distribution of electron density id the' Vatedch l^d. 
The ctoss-tranSition effect will also be responsible' for the difference iff Li 
band pattern. Electrons behaving as oxyged zP cad easily fill tip the L* 
vacancy of the' metal ion, in which case, the selecfitm priddlple* is dOt 
disobeyed. '*1 

(4I The diost , prominent structure of la band of these elements on the' 
low energy side, usually. referred to as ha, possibly represent 3d electeons, 
^hicb shifts towards the' shorter wavelength side lit the case of oxides. In 
ip/e case of Mg, A 1 , Si oxides, the shift of the valence ^band of the inetal" ion 
i 4 towardfs the , lodger iirtiveleqgrti avdfe. ' . ' ! , ‘ \ 
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ON THE EAST WEST ASYMMETRY OF THE HARD 
COMPONENT OF COSMIC RAYS 


By B. BHOWMIK and G. vS. BAJWA 

(Received for publication^ Sel>teniber, 26, igsi^ 

ABSTRACT. The paper deals with the ajfeyiiuiietry of cosmic rays al Delhi (A = i9*» 
height 700 feet). 

Rast west asymmetry of the hard component of cosmic rays has been measured with 
tw^o telescopes of angular resolution 10® in the vertical plane and 38" in the complementary 
plane. The soft component w^as filtered out l>y using to cm of lead. Terrors due to fluc- 
tuation, and relative inefllcieiicy of the countiiHg system were minimised by frequently 
exchanging the position of the telescopes with a special arrangement. The asymmetry 
rises to a maximum of 13% at zenith angle 40* and falls off at higher angles. 


introduction 

The theory of the motion of charged particles in the earth’s magnetic 
field has been developed by Stormer fiQSi) and later in detail by Lemaitre 
and Vallarta (1933). According to their theory, at a given latitude and m 
a given direction, all particles having energy below a critical energy 
prevented to break through the earth’s magnetic field and reach the earth s 
surface. For a particular energy the envelope of all the allowed tra, ector.es 
forms a cone ; a right circnlar cono in case of Stormer theory and a com 
plicated one in case of Lemaitre Vallarta theory. These cones, which separate 
the allowed trajectories from the forbidden ones, start opening from the 
western sky for positively charged particles. I'or the ^ 

particles they open from the eastern sky, the actual cones being the mirror 
S^^^e of the positively charged particles about the north-south magn^ic 
merMian If there is preponderance of particles of one charge over 

tZi (iL^ZTttiel rectify experimentally the idea with a twofold 

teie^o.^ hut failed to -‘ab.ish it. J^he 

re :rssrh.r lyX^f rr hj^x- -t*':;' 

soft U038) from the measurement of asymmetry of the shower 

shown by Johnson ( 93 ) however, lack of accurate and systematic 

r tL jr r ' TI investigation the asymmetry 

rmr^e hL component of cosmic radiation has been measured. 
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apparatus 

The two triple coincidence counter telescopes used in the present in 
vestigation subtended an angle of io° in the plane of resolution and 38° in 



Fi«. I 

Counter telescopes inonuted on the rotating platform (A = 5 cm of lead) 

the plane at right angles to that. The sensitive area was 50 sq. era. Three 
argon-alcohol filled G. M. counters (conventional copper in pyrex type), 
having a staiting potential of iroo volts with a plateau of 250 volts, were 
nioiuitcd on a wooden frame to form the telescope. The central counter was 
completely shielded by 5 cm of lead on the top as well as bottom, so that 
any particle passing through all the three counters must have passed through 
at least 10 cm of lead. Electronically stabilised high voltage was used. 
The pulse from the counter was fed to a coincident circuit of Rossi type 
followed by a multivibrator trigger coupled to the power stage. The counts 
were recorded on four telephone recorders, a pair for each telescope counting 
east and west. The two triple coincidence telescopes were mounted along 
geomagnetic meridian on a rectangular wooden platform. The wooden frame 
of the telescopes could be tilted about two hinges to adjust the zenith 
angle. The platform in its turn was mounted on a rotating shaft of motor 
gear mechanism. The position of the telescopes were interchanged every 
35 minutes with the help of a synchronous clock which starts the motor 
gear mechanism at the end of each interval. Each telescope, therefore, rests 
half the time in the east and half the time in the west for a complete cycle 
of 7a minutes. During the two minutes of two change over intervals in 
each complete cycle the mechanical recorders were automatically disconnec- 
ted from the recording circuit.*^ After every change over the recording 
circuit w'as also interchanged automatically so as to replace the recorder by 
the one relevant to the new azimuthal position of the telescope. The above 
method, which is called method of cycles, has several advantages, for it avoids 

The authors are indebted to Dr. P. S Crill for the automatic mechanisnt of the 
apparafns which wa.s kindly loaned by him. 
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(а) any iiistruincntal selectivity 

(б) any short period change of cosmic ray intensity 

(c) any change of cosmic ray intensity dite to sudden barometric 
change, magnetic disturbance or any other cause. 

'J'he whole assembly was mounted in a specially constructed room coveted 
with cement asbestos sheet on the roof of the Physics Laboratory. 


R p; rt U b T S AND D I S C r S S 1 ( ) N S 


Table I shows the asymmetry of ; the hartl component against /enith 
angle 


Tai'.i.k J 


Zenith 

angle 

r 

Aynnutli 

Inten4ilv | 

/“Counts pet i 

niintite 

.\sy mine try UJL. 

Jw 4 - Jk 

0" 

i 

! 



14" 

West ! 

Fast 

./iSoT 1 

.4 ± .oo8<^ 

.0729 ± .0273 

23 5 ® 

\Ve<.t 

Kast 1 

! • 45 .S.S -t -0087 

1 

1 . 1052 ± .0082 

.1162 ± .0277 

35 * ' 

VV^esl ' 

Ka.sL 

1 .3 1 >8 ± 0061 

: ,3000 ± 005S 

.1274 ± .0262 

47 ° 

West 

i 

1 .-M 7 .S±-C <'55 

,1304 + .026c 

I{ast 

’ .2175 + . 0013 


62** 

W'csl 

Ivast 

.lo'Soi .0030 

.0988 jh .0029 

695 ±.0413 


From the graph in figure 2, it is evident that asymmetry first rises to a 
maximum of 13% at a zenith angle of about 40'’ and then falls off at higher 
zciiilh angles. Purely from the theoretical considerations it should increase 
continuously with the zenith angle. That will be true only for the primary 
particles. The field sensitive particles are absorbed by the thickness of air 
that they have to traverse before they reach surface of the eaith. 1 he same 
explanation is offered for higher values of asymmetry at high altitudes 
where more of field sensitive particles can reach due to lesser absorption. 
Comparing with the data obtained by Bhattacharya (1942 ' and Gill (1941) 
we find that there is general agreement. But there is some amount of dis- 
crepancy with the data obtained by Sharma and Sarna (1948; for the un- 
absorbed radiation at Lahore . which is situated very nearly on the same 
geomagnetic latitude as Delhi. Further work is m progress. 
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Fig. 2 

Graph showing asymmetry at various zenith angles 
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SINGLE-PHASE OPERATION OF THREE-PHASE MOTORS* 

By P. VENKATA RAO and CHANDRA SEKHAR ('.HOSII 

{Received for publication, November to, ig^i) 

ABSTRACT. Single-phase operation of tSree-phase motors has been a subject of 
interest to both design and operating engineers, A large amount of liteiature exists, in 
most of which the method of symmetrical components analysis has been used, for the 
analysis of performance of three-phrse motors with unbalanced voltages. In this paper the 
method of Dyadic circuit analysis developed by Sah is applied to the problem of 
operation of three-phase motors from single-phase supply and the necessary relationships 
have been devoloped of the complete performance characteristics from stondstill to .syn- 
chronous speed with auxiliary impedances in circuit. 

A considerable amount of work has been done on tlic subject of single- 
phase induction motors which use split-phase starting. The existing litera- 
ture on these machines deals with the auxiliary impedances required and 
the torque developed. The use of auxiliary impedances in the single-phase 
operation of polyphase motors is also well known. 

When a polyphase motor is operated from a single-phase supply, and 
auxiliary impedances are used to shift the phase currents and the motor 
terminal voltages so that the currents and voltages of the motor are properly 
balanced both as to phase and magnitude, the motor will operate as though 
it were supplied from its normal polyphase line. The two common methods 
in use are the series impedance method and the shunt impedance method. 
By a judicious choice of the resistance and reactance values of the auxiliary 
impedances it is possible to have I'casouably good balancing, both as regards 
phase and magnitude of the currents and voltages. It happens quite often that 
the external impedances are used only for starting purposes, the motor l>cing 
kept running with two of its terminals connected direct to the single-phase line, 
the third terminal being left open. 

Due to the fact that the motor current and power factor both change as 
the speed changes, the auxiliary impedances required also must change with 
the motor speed. Of interest, therefore, is the determination of the perfor- 
mance characteristics of a three-phase motor on single-phase supply over the 
complete speed range from standstill to synchronous speed with the auxiliary 
impedance in circuit. 

Lumm ^1936) in his paper, outlines a method that is quite general but 
the utility of his method is limited by the tedious algebra involved. Reed 
and Koopman (1936) have presented an analysis which is neither so tedious 
nor highly involved. They use the exact equivalent circuit and the analytical 
* Communicated by Prof. P. C. Mahauti. 



566 P. V. Rao and C. S. Ghosh 

detcnniuatioii of tlie characteristics which are familiar to all designers of 
induction motors. In their paper they have also applied the analysis to the 
performance of some motors under various conditions of starting and operating 
with auxiliary capacitance. 

Tracy and Wyss (1935) have analysed the problem of split-phase starting 
of three-phase motors and have arrived al some very useful conclusions. 
They determined the best values of resistance and reactance for series and 
shunt methods of split-phase starting. In the first method, the starting 
current is not restricted to any particuiar value as in the second to obtain 
the maximum starting torque. In the analysis, a direct solution is visualised 
whereby the optimum values of resistance, reactance or capacitance can be 
arrived at for maximum starting torque with an arbitrarily fixed starting 
current in the line. Thacker and Gopalakrishna (194S), in their paper have 
extended the work of Tracy and Wyss using the same method of symmetrical 
components. In their paper, methods of calculations are presented for the 
determination of the complete performance characteristics from standstill to 
synchronous speed of a three-phase motor on a single-phase supply with the 
auxiliary impedances in circuit. They have set up equations taking into 
account generalized impedances so that the equations may be applicable to 
any combination of resistances, reactances and capacitances. However, the 
final relations for the line currents, voltages and torque are expressed in 
terms of the sequence impedances. The vector diagrams drawn for the 
equivalent circuit of the motor with the auxiliary impedances are also 
incomplete. Further, the steps required in arriving at the final relation- 
ships are also long and involved. 

The Dyadic circuit analysis method developed by Sah (1939) offers an 
extremely simple and short method of calculating the performance of three 
phase motors under unbalanced voltages. In this paper, simple calculations 
are given by the method of Dyadic algebra for the exact detemination of the 
complete performance characteristics from standstill to synchronous speed 
of a three-phase motor run from single-phase supply with auxiliary impedances 
in circuit. The correct vector diagrams for the currents and voltages for 
conditions with series impedance and shunt impedance in circuit arc given. 
Expressions for the starting toniuc and starting current have been obtained 
in terms of phase impedances. This is an advantage compared to the other 
formula developed previously in which the relationships have been obtained 
in terms of the sequence impedances. By simple substitution of the sequence 
impedance values in the final formula for the current, the relationships 
developed here are shown to agree with those developed by other authors. 

Finally, as a matter of interest, the method has been applied to the most 
commonly employed system in which a capacitance is placed in shunt across 
two of the phases, while no other impedance is used in the other branch. 
Expressions for the line current, sequence currents and torque are developed 
for this arrangement.- 
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SERIES I IM P E D A N C K :m E T II O I) O V o PER \ T ION 

Figure i{a) gives the equivalent circuit with series impedances and the 
vectoi diagiaiii for the currents and voltages with this anangcineut is given 
in figure ivb). 



Fig. j(b) 

Vector diagram of seiies impedance circuit 

The fundaineiital voltage equations are 

Va-=^AIa^CIi,-hBI, >1 

= + -fC7, > ... (i) 

Air 

* 

where W, 1^6, and W are the voltages to the neutral in the respective 
phases. 

Rcfetriug to figure i (a) and by use of Kirchoff’s laws, 

I o — I a J 6\ 
lc=-U I 






... (a) 

... (3' 
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Since power input is V A, 


Efficiency = 


r(i-s)-(F+ iV) 


VA 

SHUNT IMPEDANCE METHOD OF OPERATION 

The schematic circuit arrangement is shown in figure z^a). Figure 
2*6) gives the vector diagram for the currents and voltages in the circuit of 
figure 2(a). 


^C 6 




Fk; 2 {h) 

Vector diagram of shunt impedance circuit 


/6=-Ua + /e) 

Io=Ia + ^-=^ -I. f 


(17) 

(18) 


Va = IJA-C)+Ic{B-C) ^ 

Vt=^IjB-A) + Ic{C-A) V 

Vc==Ia{C-B} + Ic{A-B) J 


(19) 


Zi Xg 

and V=Vca 

Hence, by using the fundamental voltage equations (i) 

Va = IJA-C)+Ic{B-C} 

. V 

Using the same notations K, M and iV as before, from equations (18) 
and (19), it follows 

I'= F,« = /«(-N)+/.M 1 

also 

\^ba^IaK + lJ-N) 

ycb = TaM + T,(-K) J 

From equation (17) therefore 

^1^0 a "i" f ba a 1 a A + Jc( N) — J g{K. + Xi) — I eN . • . (20) 
Similarly, Z 31 0=^IaM ~ I ,{K + ... (ai) 


^i8a) 
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Single-phase Operation of Three-phase Motors 
Solving for I* and 7, 

I =Jo\^i<K + Za)-NZ^\ 

{K + Z^)'K-i-Z^)-MN ^ 

j, = I 

{U\.+~Z,}{KtZj-MN)} J 

Substituting these values of I„ and /, in (i8a) 


V = I „ -N\Z^{K^Z.^ ) - M { MZ . - ZM<. + Z J { 

I r'K + z j { + Z, ) - MN} I ( K + Z \ ) (/C + Za) - MiV} 


Hence 


/ = V{<1< + Z^ )(K + Z^)-MNi . 

[\N'Z.^-NZJK i-Z.jY+^I^'z^- MZJ k + Z,)\) 

It is thus possible to predetermine the value of the line current from 
the known values of the auxiliary impedances aiad the phase impedance. 
Since A', M. N can be easily detei mined for any value of slip, it is possible 
to determine the current at any slip. 

The conditions at standstill are, 

Z, +Z- = Z ; B = C 


M = N = B~ A = -Z 
K = 2Z 


Hence, by substitution in (23) 


^ k'{(/0-_Z,)^7v + Z.)-M=*} 

' ' {A'^Za - NZVk + y-i) + M'^Z? - MZ^iK + Z, )} 

In terms of symmetrical components 

MN={o^Z^ + aZ-XaZ* + a*Z-) = Z^® + Z-'‘-Z*Z- 
M'^ = aZ^^ + a:^Z'^- + 2Z,Z 
N^ = a^Z^^ + aZ-® + 2 Z+Z 
A® = Z4® + Z_* + 2Z+Z_ 

From (23) 

. _ j/[z,z, +iZjjt zj tz* ■^ z.) + 2>y*y -} 

' \{Z^ + Z-)Z,Z^-\- 3Z^ZJ.Z, \-Z.,)'] 


and from (24) 


j ^ f^rZ,Z, + 2Z(2Z , + Z ,) + 3^"3 

[2ZZ,Z* + 3Z'®(Z,rI-Za)] 


(2^a) 


(24a; 


7- =*7. 


ZjiZ2+ zZ) ^-ZZa 

(Zi + 2Z)(2Z + Za)-Z® 




-■ 2Z1 — Z 2 f^t + 2Z) 

7 ^+ 2 Z; (Za + 2 Z) - z® 


1 
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and the positive and negative sequence currents are 


as before, torque 



(25) 


(26) 


A particular case 

The sprecial case in which a capacitance is connected across two of the 
phases while there is no impedance connected across the other side is shown 
diagraminatically in figure 3la) and the corresponding vector diagram for 
currents and voltages is given in figure 3(b). 






Vector diagram of capacitor in shunt circuit 
As shown in figure 3(a), the conditions in this case are 


by 


Zi — oo and Za— —jX 
Hence from equation (240) , after dividing the numerator and denominator 


- ^v\ ^ »+2jr+(z/z,)( 3 Z+2 ;?,) 

*' [ 2ZZa + 5Z”-^zrZalZ~ 


Now, substituting the values of Zi and Z^ in this case. 




V{zZ-jX) 


ZisZ-sjX) 

In the same way, substituting the values for Z, and Za in eqn- (23a) after 
proper transformation, the current during running condition is 
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<2S) 


The values of /-* and /_ are the same as Riven in equation ' 2 si. The 
currents in the other blanches at standstill condition are also determined as 
below. 

Since Ja ~1 and Z,— —jX, in this case, ami reinctiibeuii^ that A/ — - / 
and K ^ 2Z at slaiidbtill, from e quation (21? 

T _T \M_-Z.,, I + \ 

(iv-f/o* j '2/ j ( 2 /*— /A) 

After substituting for I,,, the L^xp\ o])tan)ccl in 27* 

-/ 1 A' ( 

( /{zZ~ 2 jX) \ 

Substituting for /„ and I ^ in equations (25' 

i (2/ ~ jX )( 1 — a ) , 

^ -4 


/, - 1 


— 1/J 3 ^^ ^ ^ 

) /{^Z- 2 jX) V 


Z + jX }\a^ — II) } 
Z{?,Z~ 2 jX< \ 


Similarly 

torque 


v/3^-= b 

7=3 


, j 3Z + jX( a- ij ^ 
''Z(2,Z-2jX) \ 


I. 


f 2 — A' ) ! 




( 2gl 


(30b) 


Symbols used in the papei 

Va, Vo, I’c — Voltages of the three respective jihases to neutral 
^1, Zi — Kxternal auxiliary impedances 

T — Torque develoiicd in synchronous watts 
— Power converted to mechanical form 
F + W — Friction and windage loss in watts 
Z — Machine pha.se impedance 
Z+, Z_ — Positive and negative sequence imiiedaiices 
a, B, C — Respective j-hase impedance parameters of the machine 
J<, — Single-jihase line current 
I , , J_ — Sequence components of current 
I'' — Applied single-phase voltage. 
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The steady state values for the machine constants are : 


-'1 — r « + jXa + 


^ + 2-s 

4 \^r^ + jsXr) \rx + jiz-s'jXx] 


f]7=: —j\ , f _3rY^_3 4 _ 

4 }irx+jsX,) {r,+f( 2 -s)Xx] 

(•=- -jX,,„ + \ 

4 {(rx + jsXx^ {rx + i(2- 
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ON THE FLUORESCENCE IN DIAMOND EXCITED BY 

X-RAYS * 

By B. M BIvSHUI. 

(Received fct publuatioi%^ November 

Plate XXI 

ABSTRACT. The fluorescence of four specimens of diamond of Tvpe 1 (common) and 
of one ‘pecimen of diamond of Type II (rare) been excited by X-rays and the spectra 
have been photographed with a spectrograph of high light-gathering power and moderate 
dispersion. The spectra have been compared with those excited by ultraviolet light 
It ha*^ been observed that all the h'^ur ‘-pcciitiens ^>f Type 1 .show continuous fluorescence 
extending from 5^’50 A npto about 3700X. In the ca.se of two specimens showine strong 
absorption band at 4156A, the fluore«^cence spectrum excited by X-rays shows an ab.sorption 
band at this position accompanied b3" a few other similar bands on the shorter wave-length 
side. The diamond of Type II does not show any fluorescence in the visible region when 
irradiated by X-ra3's. The.se results are contradictorv to those published b3’ Ramaclianclrau 
(1946^ who claimed to have observed bands in the spectrum of fluorescence excited by X-ravs 
in diamond of Tvpe I, and weak fluorescence in diamond of Type IT. 

It is shown that these results can be explained only on the hypothesis that the fluores- 
cence is due to presence of chemical impurities in the lattice of diamond of lype I and that 
diamond of Type II contains no such impurity. 

I N T R O D U C T I 0 N 

It was shown in a paper published earlier ^Bishui, fluo- 

rescence of diamond is due to presence of some impurity in the lattice, the 
latter acting as a phosphor in presence of the impurity, and that the absence 
of fluorescence in diamond ot Type II, which is transparent to ultraviolet 
light beyond 3000 X, is due to the absence of such impurity. The fluores- 
cence spectrum of diamond excited by X-rays was compared previously by 
Ramachandran (1946) with the spectrum of fluorescence excited by ultra- 
violet light in the case of a particular specimen of diamond and it was 
observed that the 4156 A band appeared as an absorption band in the spectrum 
excited by X-rays, although its companions on the longer wavelength side 
were present as emission bands. In the spectrum excited by ultraviolet 
light in the same specimen, the 4156 A band was the strongest of all the 
bands in the visible region. It is difficult to understand, however, how the 
same specimen which does not absorb completely the band at 4156 A excited 
by ultraviolet rays, can absorb completely the same band excited by X-rays. 
It was, therefore, thought worthwhile to study the fluorescence spectra of 


Communicated by Prof. S. C Sirkar. 
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a few speoiniens of diamond of I'ypc I and Type II excited by X-rays io 
order to understand the mcchanistn of excitation of the fluorescence in the 
crystal by these rays. The present paper deals with the results obtained 
with D 1, D II, D V and D VI of Type I and D IV of Type II described in 
an earlier paper (Bishui, 1950). 

1<: X P IJ R I M E N r A Iv TECHNIQUE 

A commercial medical unit manufactured by Picker X-ray Corporation 
was used lor the irradiation of the crystals with X-rays. The tube is a sealed 
one and it is provided with a filament cathode and an arrangement for cooling 
the laiget with circulating oil. The tube was operated at 4 MA. and 45 
KV. A lead disc, about i cm. thick and ijrovided with a small hole was 
placed on the window to get a narrow beam of X-rays, and to stop any light 
that may come from the inside of the X-ray tube the aperture in the lead 
disc was closed w’ith black paper. The specimen of diamond was placed on 
a stand and it was completely covered by a light-tight box provided with 
two windows through one of which X-rays were passing through the crystal 
and through the o', her the light emitted by the crystal came out and was 
focused on the slit of the spectrograph. As preliminary investigations 
showed that the fluorescence excited under the conditions mentioned above 
was weaker than that excited by a mercury arc in quaitz tube. An Adam 
Hilger two-prism glass spectrograph of high light-gathering pow’er was used 
to photograph the spectrum. Special care w'as taken to ensme that no day 
light could in any way enter into the slit of the spectrograph or into the box 
containing the specimen of diamond. On observing visually through the 
spectrograph, it was found that the spectrum of the light emitted by any 
diamond of Type I w’as a continuous one and it disappeared as soon as the 
X ray tube was switched off. In the case of D IV, which is of Type TI, no 
fluorescence could be detected on visual observation. The si»ectra were next 
photographed, using in each case an exposure of about 15 hours. The width 
of the slit of the spectrograph had to be increased to abou.t °5 mm in order to 
diminish the time of exposure to a reasonable value. The spectrum of fluo- 
rescence excited by ulti a violet light w'as photographed with the same slit- 
width in a particular case for comparison. Gevaert ‘superchrome’ plates were 
used. 

RE SUETS AND DISCUSSION 

The spectrograms obtained in the case of the five specimens excited by 
X-iays are reproduced in figures 1-5 in Plate XXI and figure 6 shows the spec- 
trogram obtained in the case of D VI excited by light from a mercury arc 
in silica tube. It can be seen that all the four specimens DI, Dll, DV‘ 
and DVI show continuous fluorescence extending from about 5650 & upto 
about 3700 S., and in the case of DII and DVI the spectrum shows the 
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absiJrption band at 4156 1 together with a few other such bands on the 
shorter wave-length side. These absorption bands are not present in the 
spectra due to DI and D V, because, as pointed out earlier (Bishui, 
*950), these specimens do not show absorption band at 4156 A at room tem- 
P®rature, although the band appears at — 180 °C. The spectrogram due to 
D IV is a blank one, showing that there is no fluorescence in any part of the 
visible region. 

The results mentioned above do no^ agree with those reported by Rama- 
chandran (1946' who claimed to have ot|ierved emission bands in the fluo- 
rescence spectrum of diamond excited 'I by X-rays. The spectrum is a con- 
tinuous one with large intensities in the rligion between 4200 A and 5600 A. 
Figure 6, however, shows that bands an observed, using the same slit- width 
of the spectrograph, in the case of excitafion by mercury lines. The absence 
of any fluorescence in the case of D Iw irradiated by X-rays is also contra- 
dictory to the conclusion arrived at by Ramachandran (1946) that diamond 
of Type II fluoresces feebly on being irradiated by X-rays. The conclusion 
arrived at by Bull and Garlick (1950) that all specimens of diamond of 
fluorescent and non-fluorescent types fluoresce when irradiated by X-rays 
is not generally true, because DIV, wjiich is transparent in the region of 
2250 A, does not show any fluorescence in the visible region under X-ray 
excitation. 

It is evident from the above facts that for the appearance of bands in the 
fluorescence spectrum of diamond the exciting energy should be of such a 
magnitude that it should raise the electron to the excited state corresponding 
to the absorption band at 4156 A or to the sub-levels lying above it. If the 
excitation energy is much higher than this the electron is raised to the con- 
duction level and it produces a continuous spectrum in the fluorescence. 
This statement is supported by the fact observed earlier (Bishui 1950) that 
when the Hg line 4046 A is used for excitation only sharp bands appear in 
the fluorescence spectrum in the case of diamond of Type 1, but when the 
whole ultra-violet light emitted by the mercury arc in silica tube is used 
for excitation, the fluorescence spectrum consists of bands superposed on a 
continuous background. In the case of X-ray excitation the electrons are 
raised only to conduction levels. The fact that the absorption band at 4156 A 
with its companions on the shorter wave-length side appear in the continuous 
fluorescence exdited by X-radiation in diamond of Type I shows that the 
ground and excited levels of these bands are not affected by the presence of 
pboto-electroBS in the lattice. The absence cf the emission bands, however, 
shows Utat the photo- electrons do not return to the upper metastable states 
from which they can jump back to the ground level to produce the bands. 
If the electrons would return from conduction level to the ground level 
including its sub-levels a continuous spectrum with its long wavelenglhi 
limit somewhere at 4000 A would be produced. Since a continuous spectrum 
extending from about' 3700 A upto about 5650 A is emitted by diamond of 

3— 1778P— ra 
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Type I irradiated by X-rays, we have to postulate a diflfeieut type of trapsitiou 
to explain the origin of the portion of the continuous spectrum having 
wavelengths longer than 4200 A. It is essentially necessary to assume the 
presence of chemical impurities to account for this portion of the continuous 
fluorescence spectrum. Probably the conduction electrons find atoms, of 
impurity around them and are captured by these atoms more easily than by 
the carbon atoms and the corresponding radiations produce the continuous 
spectrum extending from 4200 A upto' about 5650 A. Radiation of wave- 
lengths shorter than 4156 A is also present in the spectrum of fluorescence 
and this may be due to transitions of the conduction electron to the ground 
level of the diamond lattice corresponding to the absorption band at 4156 A. 
Had the fluorescence been due to pure diamond lattice without any impurity, 
the fluorescence spectrum would be the same for both' ultraviolet and X-ray 
excitation, because Roth (1949) come to this conclusion in the case of 
pure anthracene crystal. 

The occurrence of transport of energy through solids has been demons- 
trated by the results reported byjBowen et al (1949). It has also been shovvn 
by several authors (Kallman and Furst, 1950, Ageno, Chiozotto and Querzoli, 
1949) that some liquids containing small quantities of. impurities fluoresce 
appreciably on being irradiated by X-rays or y-rays. The phenomenon has 
been explained on the assumption that the pure liquid itself does not 
fluoresce owing to self extinction, but the energy absorbed by the molecules 
of the solvent is transferred to the impurity molecules in which the energy 
is trapped and is thus radiated by the latter molecules as fluorescence. In 
the case of diamond excited by X-rays probably similar transfer of energy 
takes place. The band a( 4156 A and its companions may be due to the 
carbon atoms of diamond lattice linked in some way to impurity molecules. 
The impurity atoms or molecules may have independent fluorescence radia- 
tion which is ordinarily weak but brightens up when the energy absorbed by 
most carbon atoms is transferred tot hose impurity atoms or molecules. Such 
a prc^ess may give rise to the continuous fluorescence which is observed in 
the region from 4200 A to 5656 A. . • . - 

Ramachandran and Chandrasekharan (1946) and later. Bulhand Ga^lick 
(1950) have concluded, that as the fluorescence, band at 4x56. A is a dohblet, 
it may be due to transitions ^So — ’Pj and ’So — '‘Pa in the catbon atom, tbesd 
forbidden transitions being, allowed, iu the lattice owing to influence of lattice- 
defect. It was pointed, out, . in an. earlier paper (Bishui 1950) ho.weVer, that 
the fluorescence band at 4x56 A is not a doublet, but it .is a single, one .and. 
its appearance as a doublet in thick crystals is due to self«reversah lyteii:. 
hypothesis that only .lattice-defect without . the. presence of any chemical 
impurity is the cause of fluorescence can not explain the facts bbserved i^^ 
the present investigation. Firat,. the potion of the continuous speotrttm: 
Qf wavelength Iwiger than band 4156 A cannot he due to. . transfittons. 
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Fift. 1 


Fig. 2 


Fig. 3 


Fig. 4 


Fig 3 


Fig 6 



Fluorescence of diamond 


Figs. 1—5. Fluorescence excited by X-rays 

Fig. 6. .. „ Ultraviolet light 
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from conduction levels to any sub-level of the ijrouiid level of the 
absorption band at 4156 Sscoiidly, the total absence of the fluores- 
cence in D IV under X-ray excitation cannot be due to want of lattice-defect 
in the crystal, as the crystal is highly birefringent and is full of local flaws. 
The fact observed by Blackwell and Sutherland (1949) that a particular 
specimen of diamond, which does not show fluorescence and absorption bands 
at 415^ uofl yet exhibits yellow fluorescence, cannot be explained by 
assuming the fluorescence to be due to lattice-defect in pure diamond lattice, 
because such lattice- defect would proc|ucc, according to the hypothesis of 
Bull and Garlick (1950), only blue flt(|3re»cencc. Probably, impurities of 
different tyi>e8 are responsible for the| fluorescence in the blue and yellow 
regions and when both the impurities ar<i present in the same specimen it 
exhibits fluorescence in both the regioiits, as observed in the case of D I and 
D VI earlier (Bisbui, 1950). The absent^ of the bands in the spectrum of 
fluorescence excited by X-ray. in diamond of Type 1 and the presence of 
strong continuous spectrvtm on the longer wavelength side of 4300 5 . thus 
show that chemical impurities are responsible for such emissions. 

Another feature of the fluorescence of some si>ecimens of diamond 
observed by Sir C. V. Raman {1951) can be explained on the hypothesis 
mentioned above. It was observed by him that in some specimens showing 
banded green luminescence there was correlation between birefringence and 
luminescence observed at different parts of the crystal for its different orien* 
tations. As pointed out earlier (Bishui, 1950), the birefringence may be due 
to frozen-in ultrasonic waves and any trace of impurity present in the melt 
is likely to collect at the nodes of these stationary ultrasonic waves. In such 
a crystal the planes containing the impurities are likely to be highly bire- 
fringent and regions in the neighbourhood of these planes will also fluoresce 
strongly according to the hypothesis given above. The fluorescent portions 
of such a crystal will, therefore, appear to have a banded structure. 

The hypothesis of presence of chemical impurity in diamond of Type I 
and its absence in diamond of Type II can also explain the nature of photo- 
conductivity of these two types- Photo-electrons ejected in the lattice fall 
into traps created by the impurities and are recaptured in the atoms in 
diamond of Type I, while in diamond of Type II, the number of the photo- 
electron is not diminished in this w-ay and, therefore. Ohm's law is obeyed, as 
shown by Robertson Fox, and Martin (1934)- 
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STUDIES ON THE SHARP EXTRA REFLECTIONS FROM 
PHLOROGLUCINE DIF^DRATE CRYSTAL 

\ I art I. lifiect of Orientation ofithe Crystal with respect to 

the X-ray :!Beani. 

I 

By M. N. i)ATTA 

(Kcccivcil for t'ublnatio^, Dcccmhci i, 

Plate XX|1 A-D 

ABSTRACT. The sharp extra reflections from phloroglueinc di’hidratc have been 
studied for various orientations of the crystal with respect to the incidejit X-ray beam. It 
has been found that the variations of the intensities of the spots are extremely slow and 
continuous as the crystal rotates from one Bragg position to another with the same values 
of 1i and k indices. The intensities are maxima at the Bragg pcjsitions and pass through 
minimum values at intermediate positions. The extra spots with indices It -o or k=^o 
are not absent when the incident beam is inclined to the <-axis. 

Extra reflections in Eaue photogiaphs have been studied very 
extensively during the last decade hi various laboratories. The phenomena 
observed are usually described as diffuse spots and are explained as origina- 
ting from thermal elastic waves. Jt was, however, pointed out by Raman 
and Nilakant an (1940) that there are extra spots due to the (in! planes 
of diamond which are very sharp. This was later corroborated by Eonsdale 
(1942). A very interesting series of extremely sharp exlia spots have been 
described by Banerjee and Bose (1944) and Bose (1944). Banerjee (1948) 
has accordingly divided extra reflections into three groups. The first 
group consists of the diffuse spots that are ordinarily produced by crystals 
and are of thermal origin. Their reciprocal lattice representations have 
extensions in three dimensions but the intensities fall off very rapidly from 
reciprocal lattice points. The sharp extra reflections are of two types 
namely sharp streaks, in the case of benzil %onsdalc and Smith, 

1941 ; Banerjee, Sen and Khaii, 1945) and sharp spots observed in the 
cases of diamond and phloroglueinc diliydrale as mentioned above. In the 
reciprocal lattice represent ations the extensions are tw'O dimensional and 
linear respectively and they cannot be explained as due to thermal 
oscillations. 

The following special features have been observed by Banerjee and 
Bose in the case of the sharp extra .spots in phloroglucine dihydratc: 

(i) The spots are extremely sharp. 
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(2) The positions of the spots correspond to the I^ue equations 
with the index assuming fractional values though h snd k arc 
accurately int^ral. 

(3) Spots for which fe *= o, or fe *» o are absent. 

(4) The central parts of the spots are blank, although the I/aue 
reflections do not show any difference between the central and 
the peripheral parts. 

In view of the difficulties of explaining the above phenomena by the 
existing theories, we have set ourselves to study X-ray diffraction by phloro- 
glucine dihydrate in greater details. 

Single crystals of phloroglucine dibydrate .were obtained by the 
process of slow evaporation of alcohol made aldehyde free by treatment 
with caustic potash and distillation. Very clear crystals, which did not 
show any sign of deformation, were chosen. The crystal was mounted on 
the axis of a cylindrical camera with the b-axis vertical and X-ray beam 
normal to the c-face with the help of a theodolite goniometer. The advan- 
tages of a cylindrical camera for the study of extra spots in a Laue photo- 
graph and the methods of indexing the spots in such a camera have been 
described by Ganguly (1942). 

The angular coordinates of the direction of scattering for any of the 
spots were determined from the position of the spot on the i>hotographic 
film. From the known orientation of the crystal with reference to the 
incident beam and the knowm wave-length of the X-ray beam, the spots 
could be indexed by the help of the section of the sphere of reflection on 
the reciprocal net. On indexing these spots one finds that the indices 
h and k are integers while I takes up, in general, ;fractional values. We 
started with the position where the X-ray beam is along the c-axis. The 
crystal was rotated gradually about the b-axis and X^iue photographs at 
successive orientations over the w'hole range were taken. The angle of 
rotation for each photograph was measured accurately from the displace- 
ments of known I<aue spots. The results were projected on the reciprocal 
lattice according to the usual method (Banerjee, 1948). .It was found that 
the Fourier transform of the extra reflections consisted of straight tines 
passing through the reciprocal lattice points parallel .to tho c-axis. These 
lines run continuously. There are small variation's' of the' int^sities along 
the lineSf the regions in the neighbourhood of the reciprocal lattice points 
being more intense than midway between such points. 

In Plates XXXI A.-D are shown the diffraction photographs for Mme out 
of the various orientations of the crystal with respect to the incident beam* 
the b-axis being vertical for all the orientations- The special features of 
the spots, namely their sharpness, central gap, and distribution conforming 
to a two-dithensipiaal grating, are apparent from the figures. The persistence 
of the points -^en for large cdianges of orientations show the coUthiuty of 
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the liuer extensions in the reciprocal lattice- Figures i <«;, (6) and (c) 
show the variation of estimated intensity with /. 




i 


Fro. i(b) 



* I 

Fig. i{«) 


The ttM»t strikins resnlt that we have found from these studies is that 
variation of the intensities of the spots from the Bragg positloip are very 
slow so much so that I varies continuously from the neif hbouahood of an 
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integral value to the next, passing through minimum values in the 
neighbourhoods of half integral values of /, while in the neighbourhood of 
the integral values the intenties arc maxima. 

Another result of importance is that absence of the extra spots with 
h = o, or k = o that was observed by the earlier workers has exceptions. 
The spot of index (20) appeared in many of the photographs and ^40) 
appeared in two of the photograplis. But they did not appear in any 
photogroph for which the X-ray beam makes an angle smaller than 10°. 
The conditions under which these spots occur or not has, therefore, to be 
more critically studied. Similar absence of the sharp extra spots in the 
case of diamond, as pointed out by Lonsdale and Smith, also require, closer 
scrutiny. 
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ABSTRACT. The paper contain'; a gener|il statement of the Virial Theorem which 
has been applied to find the periods of fundanieiital mode of oscillation of the electronic 
cloud of an atom and also of an atomic uucleuf . The method adopted is the same as used 
by Ledoux (1945; and Pekeris (1941) for calculatilfe the period of oscillation of a variable 
star. The method seems to give values of correci order for the above quantities. 


INTRODUCTI ON 


The present paper consists of the generalisation of well known Poincare’s 
theorem 2 T + il = o for the steady slate of a system of detached mass i)oints 
or cloud of particles. The equation has been extended by PMdiiigton ( 1926 ) 


to the form 


if 


In the above equations T is the kinetic energy of 


the particles, O their potential energy and I is the moment of inertia about 
some common origin. In his derivation of the above equation, Poincare 
assumes a potential between two particles of the form 


F, * = — where F< * is the interaction between two particles and r < * 

tik 

is the mutual distance between them. The subscripts i and k denote the 
numbers of the particles. We shall now derive the same equation for a more 
general case. 

I. Defivaiion of Poincare's Theorem for the case when the potential 
function is of the form F< *=/(r 7 *), where n is an integer greater than one ; 

Consider the general motion of a cloud of particles and let the position 
of each particle be described by N generalised positional coordinates 

Qii Qst 9s 9r, 9ft and let the corresponding force components acting 

on any particle be denoted by X,, ... • • Xs. Then according to 

Newton’s laws of motion we have 


d^9r ^ 

dC 


f _ XT 


k 

r$ 


where is the mass of feth particle and q Ms rth positional coordinate of 
the particle whose equation of motion we have written and Xj, is the rth 
component of the force acting on this particle. We have now for feth particle 
4— 1778P— 12 
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= w*Qr'‘’ +nitqr qr 
= m*g/* + 9 JX*. 

If we now consider all the particles we have 


1 

2 



N 2 \ N .2 

S Wir^j) = S S mkQr 

r«l / 4 :r*l 


■2 

k 



(x) 


or i - 4 ^ = 2r + 2 2 qjX* ... f2) 

2 at k r-1 

where T is again the moment of inertia of the system about the origin defined 

by 7 = 2 2 Wig; and T is the kinetic energy of the motion of particles 
* “ 1 

forming the cloud. The second term on the right of equation (2) is the well 
known Virial of Claxtsius. 

To evaluate the virial we consider two specific particles of masses m , 

and Wi and at (g{, ... gj, ... g^) and {q\, gj, g^). Let the force 

exerted on the particle t due to the particle k have components Ai, 

A3, Ak, then the force acting on the particle k due to particle i will 

have components —A^, —As, ... — Aq ■"^x. Hence the contribution by 

these to the virial is 

Ai(q\ qi)'^A2{q2 q3)~^ .^x^gx gx)> — ( 3 ^ 

and if we consider all pairs of particles we have the total contribution by 
the whole cloud as 

— 2 2 j (g I ~ g 1 1 + -/^x^gx ~ gH)! 

2 I J 

= i 2 2 h Ariqi -qri\ — (4) 

2 i J 

If H'*i » is the force exerted between two particles we have 

various components of this force At, As-' A^ etc. as 

xi-Lret 

* 

and “ ‘ X 

... K<*. 
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and hence the virial is 


2 / J?=ife/L r' r< t J 

i 

= ■ S S (- ^ r,,) 

2 i fe:^A 9r,* / 


— — ^ i k k 

2 i k 4=1 I 

I 

f 

fj 

Hence the equation (2) takes the form ? 

I d'l ™ . 


A= 2 T^nn. ... (6/ 

2 at 

2. If we take the potential function as well know Yukawa potential 


^ =— e so that w e have I'i* 

r 


would be 


A — y . fc 

r * 111 this case the virial 

^ i k 


1 V V _ ^ 

- 2 . -M r , * 

2 / Or<* 

= i r,* + * X ’ 

2 i k 4 i 2 \ i 


— r,k X 


= 12 + 


A 8(1 /A) 


= f2 + 


A 8A %',i/A) 
~8A 


= ... . 7 ) 

Therefore in this case Poincare’s equation is 

i-^=7r..O-Af . ... (8) 

3. Application oj Poincare's Theorem for finding out the period of radial 
pulsation of Thoipas-Fermi atom. For a could of electrical charge, various 
elements of which have an electrostatic interaction, we have the equation 

*-i?=»r + n. 

where I is as before the moment of inertia with respect to the origin, T the 
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kinetic energy and Cl is the electrostatic potential energy of the electron cloud 
of the atom. Fo a spherically symmetrical distribution of the charge, we have 

7 =y" r®dm(r) 

o 

where mii) denotes the mass interior to r and m is the total mass of the 
charge cloud. We shall consider the application of the above equation to 
the steady radial pulsation of a Thomas-Fermi cloud and in studying the 
problem we shall adopt Langrangian mode of description, in which we follow' 
each particle (or element of mass; during its motion. Let the distance » 
form the centre of symmetry be used as such a Langrangian coordinate. 
Let denots the displacement from the equilibrium position ro. The conser- 
vation of mass requires that 

m(ra + &r) — m(ru). ... ' 9 ) 

li 87 , 812 and 87' denote the corresponding changes from the equilibrium 
values in respective quantities at time f, we have 

(M) = 2BT + &n. ... (10 

at 


Now to a first order in 8r we have 


m m 

Sl=‘2j r8rdiii(i)^2 J 

o o ^ 

m 

“•‘a J—-dTo where 7o — Ml r,,® = y* dm<r> 


( 11 ) 


The potential energy £2 of the charged cloud distributed unifonily in a 
sphere of radius r,, surrounding a nucleus of charge Z is gi\en by 


10 To 


( 12 ) 


So if the charged sj^here asstiiiies a raditis r, the potential energy becomes 

* ••• ( 13 ) 


10 r 


and hence 


8 £ 2 = + 


-2-C^8r 


10 r* 


- X.2. 

To To 10 



(z4) 


Since the chaige clond of the electron behaves as a degenerate electron 

gas aBd, th>jrefore, the kiBCtk eBergy \s gvveB by 
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where Z is the number of electrons in the atom and n is the density of the 
electorn. The electron density n is 

Z 


4’^r ■' 


and so W’e have 

To=ix 

and in the displaced position r wc have \ 

i Vir‘‘ ^ / 


( i6) 




so 


nu \ 327r*' / 




r. 


Substituting these values of <57, ^5f2, ^7' in fio) w’e get 

m 

^ -77-G f ^r + ilo- 

dr \ ./ to / to t., 


fi8) 


( iq) 


0 

Now for small periodic oscillations vve can write 

«t 

I, 




In the evaluation of 87’ W'e may observe that 7' consists of two parts ; 
(t) the kinetic energy due to theimal motions and kinetic energy due to 
vibrations. It is evident that the latter is of second order in | and therefore 
can be ignored in a first order theory. Thus we have equation (19) as 


rn 

ft f eoe'-^'dlo^ -ATo^^e'-' + noCue’-'' 

Cl V 


or 




_2_ a'I\^o-^oL 

S^odl 

If we consider as constant we get 

o-®= 4To~-Oo 
/o 


/ !«• Y 9 f , 9 e- 
yj/ yy ^ 

a _ 6 ry/K 


Vor Z == 1 , we bave = 


(20; 
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3 X (6.62)^ X 9^^° X 10’*’* ^ Q X (4.80)* X 10* 

(9.105)“ X (.528)* X (4 X 3.14 X 3.14)*/” 9.105 X (.538)* 

*91.73 xo®“ 

or o- = 9.58 X 10’*. 

From this we jet the period of oscillation 

<r 9.58 X 10’* 

= . 1 04 X I o~* ® seconds 
4. Oscillation period of a nucleus. 

Inside a nucleus composed of / protons and N neutrons there are 
various types of interactions existing. We have at first the Yukawa 
potential of the form Aire~^l*-, then there is the Coulombian interaction 
between the protons. The Yukawa potential gives the neutron-proton 
interaction. In addition to these there are minute neutron-neutron 
interaction and exchange intei actions. We shall here consider only first 
two which are important in the case of potential energy of the nucleus. We 
can write down the Poincare’s equation for the nucleus as 

... r„, 


where fl is the potential energy due to Yukawa interaction and W is the 
Coulomb interaction potential energy. Confining ourselves to the assumption 
that both the interactions are effective in the whole nucleus we get 



/e’ 

R 


(23) 


as before. The potential energy due to the interaction of the form 



can be found in a simple way. 


Let P be a point outside the shell at a distance c from the centre O of 
a spherical shell. Consider a nairow' zone of the shell QQ’ at a distance r 



Fig. I 

from P. If a is the radius of the shell and 6 denotes the angle QOP, the 
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Area of the zone is 3jra^ sin 0 dO so that if m is the mass per unit area of 
the zone, the potential at P due to this zone is 

— ^ 

2Jrma.“— <? * sin ... (24) 

r 

and so potential due to whole shell is 


F = y 2^ra"w sin 0 ^ e ^ dO 
o ^ 


c + a __ r 

_ znma’^A f ~s 


ac 


/ 


e " 47rm^A\ ^ x a c > a 


and K= j 


a + <* r 

A 


dr 


(25) 


_ ^ sinh ^ for c <Z a ... ta6) 

c A 

Using (25; and (26) we find the potential due to a solid sphere at a point 
whose distance is c from the centre of the sphere. If the point P is outside 
the sphere we have 

V= f 4«’r“ X ^ c ^ sinh ~ dt 

J AnR- cr ' A 

o 

= ‘''■rRAcoshf-Vsinhfl, ... (.7) 

XV C L ^ A J 

and if the point P is inside the sphere we have 

r sinh ~ e ^ dr J re ^ sinh I dr] ... (a8, 


= 3 W^[Ac-(AP + X*)e * sinh|-] ... (39) 

Using the equation (29) we can find O. It is given by 
n = iS Vdtn 

= i /**^f#^’<f{Ar-«Ai? + A»,sinhl}x 4 ;rr*drx 
o 

— — E>\1 

— f/?A + A*lf * cosh ^ — A* sinh ^ J J ... (30) 
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Now from equation (22) we have 


1 (S/^ = 28 T + 8n-AA (Sf2;+8JF 

2 at o\ 


and again 


f 3 i) 


«/ = 2 J RfiRdM(R) = 2 j dh ; ••• ^ 32 ) 


^T = 2T ; 8H'= “ ^ ^ 


while 


-= f f - f }-■ "W f 


••• ^ 33 ) 


and 


-t- 


_ __A * _ 3\® n ^ 

Jj R 


R‘^ R^ R 


. SQ 
8A 


_ 9M®/1 


64AV 

9 ^" + 

7 S^'‘‘S ~ 

- ^ 

A 

8R 

4 

L 

R® 

R 

R‘ J 


R 

+ 9 M *_4 1 

ra\“ .9^“ 

+ 


+ 1 

SR 


4 1 

L R R“ 

R® 

R 

R* J 

R 









_ yMM 


2A» 


"4^ ]e 

- 

A 

8R 

2 

L R R* 

R® 

R 

R* J 


R 


(34) 


(35) 


Sr 

Putting — and substituting these in ^31) we get as before 

R 


4 T+lf' _ 

9M^A r 3^* 

1^3 20^4 4 A» 

i8\» 

MR® 

4 R“ L r 

R® 

R* R 

R^* 

2a 




i8A»l 

R* J 

9 Mi 4 ® " T 1 

4 l?“ ® 1 

[4X+9A + 

4 ^* _ 
R® 

•'^.V + 4 A»- 

, 2« 
gWA - r 1 
aR* ^ 1 


2A® 

R* 

1 

4 - 



••. (36) 


Now for a nucleus with Z protons and N neutrons the kinetic energy 
of the nuclear particles is 


T= a X fe* + 

5 4>r*M ;»* \ 4 / R* 

'2980 M.e. volts fora nucleus with Z=8o and N~x20 i.e. Hg*®'*. 
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For the same X*2.37Xio~'® cm and jR = 8 xiQ~*^ cm. The mass of the 
nucleus is 200 A. M. units. Substituting these we obtain ^ 

Tnuoioufi ^ 10 seconds. 
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ELECTRON DIFFRACTION IN SODIUM AND POTASSIUM 

CHLORIDE CRYSTALS* 

By SUBODH KUMAR MAJUMDAR 
{Received for publication, September 
Plates XXIII A and B 

ABSTRACT. The electron diffraction patterns of NaCI and KCl cry.sta‘s have been 
investigated with an electron microscope. The mean values, as calculated from the 
observed rings, come out to be 5.529 ^ for NaCl and 6.22 A KCl, the standard value.s being 
5.63 A and 6.28 A re.spectively. 


I N T R (T D U C T 1 O N 

In a previous paper, the electron diffraction patterns of different metals, 
as well as of AgCl and AgBr have been communicated (Majuindar, 1951), 
In all these expriments, the metals were vaporised in high vacuum on saponin 
membarne over the objective piece. In the case of halides, silver was 
vaporised in presence of halogen vapours. It has been found that the spreings 
as measured from the electron diffraction photographs, agree fairly well with 
those obtained from X-ray diffraction methods. 

In the present investigation diffracion patterns of sodium and potassium 
chloride crystals have been investigated with electron microscope. 

EXPERIMENTAL 

The electron microscope was of the Bt>rres-Ruska type (Siemens) 
and the experiments were carried out at the Virusforschungsinstitut, 
Heidelberg, Germany. As usual, the projective magnet piece was taken 
out for diffraction experiments. The objective piece, which was made of 
platinum-iridium, had an aperture of 0.5 mm. It was placed in water 
saturated with amyl acetate so that the solution just covered the aperture. 
A drop of a solution of saponin in amyl acetate was placed on the aqueous 
solution just over the aperture, when the drop spread itself and covered the 
aperture. Tne solution was then drained off and the deposit dried in air. 
In this way a very thin membrane was obtained on the objective piece. 
A drop of sodium or potassium chloride solution of different concentrations 
was next placed on the membrane, and the objective piece replaced within 
the electron microscope. The vacuum was then turned on. In this way 
crystals were precipitated on the membrane. A large number of experiments 

* This work forms a part of the investigation carried out by the author at Virusfor.s- 
chungsinstitut, Heidelberg, Neckar, Germany in 1950-51. 
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were done with different concenliations of the salts and also by exposing the 

crystals to the action of electron beams for different periods of time before 
taking the photographs. A primary voltage of i6o volts and a secondary 
voltage of 73 KV in a g-stage transformer were used in most experiments. 
For comparison, a few' photographs were taken with 70 KV and 56 KV. The 
photographs of the pictures are given in figures t-13 of Plates XXllI A and B 
I he distance between the objective piece and the plate was 57.5 cm. 

R V. s tJ L t S 

I able 1 gives the description of the treatment of the various samples. 

'I ahi.e I 


P'igf. No. 

Substance & cone. 

1 ^iVeatnient. 

Voltage used. 

1 

NnCI, dil sol. 

j 'I'aken after 3 min. 

73 KV -f 125 V. 

a 

it 

’ after 6 min. 


3 

NaCl, 1 mol. sol 

j after 3 min. 

1 1 

4 

NaCl, I mol. sol 

, after 6 min. 

t » 


NaCl, 1 tnol sol. 

Immediate exposure. 

70 KV ±115 V. 

6 

KCl, dll fol. 

Taken after 3 min. 

73 KV ± 215 

- 

KCl, dil. sol. 

, 1 

after 6 min. I 

» i 

fi 

KCl, said. .«^ol dll. 

' Immediately taken 1 

70 K V ± 2 1 5 V 

9 

T : I 

After lunge r exposure. 

73 KV + 215 V. 

10 

t ♦ 

Immediately taken. 

70 K V ± 21.S V. 

] 1 

.. 

1 'I'aken after longer ! 

56 KV±2I.S V 



exposure. 


12 


> • 

» » 

J 3 

> f 1 

^I'aken immediately. 

1 J 


All the diffraction patterns of the same .salt w ilh the same high voltage 
are similar. Certain peculiarities, however, appear with the change of 
concentration, voltage and the time of exposure to the electron beams before 
photographing. 

The spacings of the crystals were determined by the usual method of 
trial and error. The distance between the objective piece and plate was 59.5 
cm. If eh is the half angle of any particulal cone of reflected beams from any 
particular plane fh, k, 1 ) of the crystal and if x cm is the radius of the 
particular circle, which represents the section of the cone on the photographic 

plate, then tan ^'/ 2*=-^^, from which eh and sin Bh can be calculated. 

59-5 - ■ 
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For each value of x, the values of sin 


6I2 
V I 


, sin 


Bj2 

s/ 2 


sin 


g/2 

v' 3 


, sin 


, etc. are 

V 4 


calculated and tabulated. The value of constant K in the equation 


A ^ 

2. sin Bjz _ ~ 2K 


is next determined for a particular value of x, and the mean value of K if 
taken. A is then determined from the equation. 


where fe=-- Planck const. = 6.626 x io~®^ erg/sec. ; 

mo = rest mass of the electron = 9. 108 x io~** gm., 
e = charge of the electron =4.803 x io“ C. G. S-, 
f = velocity of light=3.oo x io~’® cm/sec., 
r 7 = app]ied IC. M. F. (C. G. S >. 

The values of A for 73 KV and 56 KV are found to be .04386 A and 
.0504 A respectively. 

Tables II-IV give the analysis of two typical photographs of NaCl 
and KCl with 73 KV and one photograph of KCl with 56 KV. 

Taki.e II 


NaCl 


Voltage = 73KV + ai5 volts A= . 04386 A 


Nature 

s 

s 

W 

W 

xicm) 

1 .845 

2 615 

3.200 

4 060 


I "55' 

I * 18 ' 

i° 36 ' 

2V 

sin 9/2 

0160 

.0227 

•0279 

•0349 

K 

.00400 

.003950 

.00398 

.00398 


Mean value of X = . 00397. Hetce 


.04386 
a X .00397 


A =5,529 A. 


Standard value of KaCl is 5.63 A. 
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Tabi.k III 
KCl. 

Voltnge^73 KV + 215 ^ .. .,,.,.vS6 A 


Nature 

S 

vS 

w 

** 

vvv 

W 

\ W 

a: (cm) 

1 .602 

2 360 

2 885^ 

3 4.50 

3 -750 

4 00 

ef 2 

i 


4 




sin 0/2 

.0144 

.0206 ' 


1 .030i> 

0326 

.‘' 34 >^ 

K 

.00360 



Of >3^11 

1 

.00 ^60 

00360 


Mean \ahie of J'J-=.oo- 56<> Ht-nci A -6.og A. 

2 X 00360 

Standard v»Uie%er KCl = 6.^8 A 


I'ABLK IV 
KCl. 


Voltage 56 KV + 215 Volts. a— .0504 A. 


Nature 

S 


; 

V. w. 

V. W. 


1,60 

2*75 

i 

•v-’s 1 

4.25 

4 7 S 


0*48 ' 

1 ®22 

i\ 37 ' 1 

2 “ 7 ' 

2 **2 2' 

sin a/ 2 

.0131) 

.0240 

: .028a ' 

.0368 

.0413 

K 

.00402 

.CO40O 

00402 

0t^40Q 

.00413 


Mean value of K = .00405 A. 

Hence <io= — — A = 6 . 32 A. 

2 X .00405 

Standard value for KCl = 6.a8 A. 

The values of the spaciugs of NaCl and KCl thus found agree fairly well 
with those obtained from X-ray diffraction experiments. An interesting 
point, however, is the occurrence of spots in some of the pictures. It will be 
noticed that spots invariably occin with NaCl solutions, w’hether dilute or 
Strong and also after short or long exposure, whereas, wdth KCl there are 
practically no spots with dilute solutions. These points, w'hich are apparently 
of Laue pattern, do not always indicate cubical symmetry. 

Two reasons may be ascribed to the occurrence of these spots- It is 
possible that some bigger single crystals, in addition to finer ones, are separated 
on the membrane v\hi!e the solution evaporates in the' vacuum. While the 
smaller crystals, haphazardly oriented give typical Debye-Scherrer patterns, 
the bigger ones, which partially cover the objective apertuie, ^ive Laue spots. 
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below. is positive to the right of the y-axis and negative to the left. / 3 ~o 
on the y-axi.s except between the Htniting points, where ±7r. At infinity 
'z = o, 13 — 0 . 


we have. 


V =r « sin (3 ^ sinh_^- 

cosh a — cos/? ‘ cosh « — cos ft 


_ d ( 3 + ift) _ cosh « — cos /? 
j d (.X + iy ) a 


In terms of the stress function x. the stresses are given by, ijeffery, 1921 ; 
ax* = "I (cosh a — cos /?) “ sinh — sin cosh 

a/ 8 /S = -|^(cosh « — cos ft) —sinh <x^ — sin^^ + cos | ( 2 ) 


aaft= - (cosh a -cos 

The general solution for V^X = o is obtained in the form. (Jeffery, tq2T] 
= + log (cosh c< — cos/?; } (cosh — cos^) 


where. 


^^l^^ni^^lcosn^ + i/„(*)sinn/ 3 |- 


= .dnCOsh(tt + i)(X + B„cosh(« — i)<x 

+ Ctisinh(n + i,'a + I^nsinh(M — i)« 

= .(4n'cosh(n + i)cx + Bn'coshfn — i)cx 

+ Cn'sinh(n + i)<x 4 - Dn'sinh( w— i) <x 


if n ^ 2, and 


^,{*) = .^iCosh2« + Bi + C,sinh2<x *1 

(5) 

^,(») = .4i'cosh2« + Cj'sinh 2 a J 

In this solution the term in K may be omitted when the region consi‘ 
dered lies entirely on one side of the a^-axis. 

The necessary and sufficient condition for a boundary to be free from 
stress are, (Jeffery, 1921) 


^(*X/ = constant = p (say) 


... ( 6 ) 


hX = P tanh « + o-fcosha — cosft — 1 ) + rsinB 


... (7) 



Concenti ation of Stress, etc. 6&i 

where (>, tr and r are Mitchells’ constants for the boundary. 

A vS R M I-r N F I N I T E P t, A T R C (> N T A t N I N G AN U N S T R E S S R D 
C r R C rr L A R hole under a TI N I l*' O R M tension P’R R- 
P R N D I C U U A R TO T H R STRAIGHT EDGE 

lyCt the hole be defined by x=-it, :>►.), an.l the strai^tlit edjte by x = o. 
If T be the tension perpendicular to the straiftht edjte, we Ret at a Jircat 
distance from the hoU*, 


\.. = 4 


Therefore, when 'j' >■ c 

^ osli cx cos /j 

.4a7|^e~“ + r~-^'’cos H f - e"*""”- jcos m/ 7 j 

We have to add to x-> stress function x,. which Rives no stress at 
infinity and no stress over the straiRht bound uy. and is such that the com- 
plete stress fniKtion x<>+Xi Rives no stress over the boundary i' = v,. 

In the solution 3), we omit the term in K as the region considered is 
entirely on one side of the .v-axis and we also omit the terms in i'n as flic 
required stress function is clearly even in 

For condition of no stress on a = 0 and at infinity a = u, /3 = o), = 0 

for H ^ I, and <!>„' o' =0 for n > 2. Therefore, we get. .1 

for H ^ I , Bi. =■ 2 C' 1 and < n + 1 +- { h -- t ' = o for n ^ 2. 

Hence we can write, 

/jXi = aT|^ 2 C'.oocosh a -cos/3) -f J rcosh 2 a- i/.os/3 t T, sinhaoi cosfi 
L /I „[cosh' M + i;cx — coshin — i )«] 


or 

- 1 - 


+ /.;„( i„ _ 1 ,sinh (m + 1 !« - ' n -I- i' sinh n - 1 i«l 


)-cos nfi 


( 8 ) 


The constant coefficients are calculated as in (9 . by imposing the boun- 
dary conditions (6' and ^7) on the complete stress function lix« + hXi‘ for 
the condition of no stress on the boundary x— 

j + - 2 a, _ 1 - sinh201i 

2 cosh 2*, — 1)’ * 2 cosh 2*1 — 1 '2 


sinh a «« I — nsinh 2a 1 

4;sinh*nWi'- M®sinh*oii) 


■ in — - 4 "*■ . 


nsinh*«,_ 

2’.sinh*MWi — n*sinh’-Wi) 


6 — 1778P — 12 
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Calculating the stress on the circular boundary from + Xi), we get. 
ysjs, = 37'(cosbai — cos^) 


where* 


X 


[ 


aco shoci- sinh tXt ^ 
asinh“a, 


cosfi 

sinh®a, 


S MnCOSW/Sl 

«i « 2 J 


M„ = 


n(n — 


i)sinh(n + i ic^i — n(n + i )sinh(« — i la, 
^fsinh^Tia, — n*siHh“ai) 


(io> 


(ill 


The series in (lo) is slowly convergent, so for convenience of numerical 
calculations the more slowly converging part is separated out by putting 

M« = a-n (nsinha, — coshotjV ~”Oi +- ... ',iial 


we obtain, 

aicoshfXj — cosyS; 51 »j(Msinha, — coslicx,)e — h“icosh/? 

♦»« 1 

= 1-1 2sinh*oCisin^<S 
(cosha, — cos/8)* 


t 

S-i 

O 

Ui 

.&* 

a 

_g 

'& 

<u 

C/D 



So 120 1^0 

Values of 0 ■ 

Fig I 
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Substituting in (lo) we get 
fiP 2 T( coshot] — cos/8 ) 


r^coshot] — sinho<i , cos^S 


I 


2sinh*o<] 


sinh“oti 


2 e 


- 2 . 


cosfl — 


S Nncosn /3 

"■a 


-2t\i — 

L (coshot j — cos/8;® 1 


(12) 


the values of the stress in multiples of T, is shown in figure i 
against different values of /3 for * = 0.8 ai^ for a = 2.o. 

k 

1 he maxiniuni stresses are found to be 5. 22T at ^8 = 68.5*’ for ot~o.8, 
and 3.23T at ;8 = 76.o° for tx = 2.o. The ratios of the distance of centre of 
the hole from the edge to the radius of the hole are 1.337 for ot = 0.8 and 
3.762 for ot = 2.o The point of maximum stress shifts tow'ards the point 
nearest to the straight edge and the amount of the maximum stress 
increases as the value of a decreases. It is known that when the hole is at 
a great distance from the edge, the maximum stress is 3T at the two ends 
of the diameter perpendicular to the direction of the applied tension. The 
result obtained here for a — 2.0. where the point of the hole nearest to the 
edge is at a distance of about 2.76 times the radius of the hole, fairly com- 
pares with that known result. 


A SEMI-INh'INlTE PLATE CONTAINING AN UNSTRESSED 
CIRCULAR HOLE UNDER UNIFORM SHEAR. 

At a great distance from the circular hole the given stress condition may 
be obtained if we choose a solution 


\o- —s X y 


w’here S is the given shear. 


Therefore, for a > o 


hXo- 


e sin hCT. sin/8 
cosha — cos^ 


= — 2aSsinh«2 s~«“sinn^ (13) 

nml 

To obtain the complete stress function we have to add to Xu another stress 
function Xi» which gives no stress at infinity (« = o, ^ = 0) and no stress over 
the boundary a=*o. Xi must be such that the complete stress fui^ction (x» + Xi) 
gives no stress over the circular boundary. 
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'I'o choosic a sulutioii of the toriii ( j), \ve ueell ouJy take the- 

tctnis iu ^„(a) as th‘e re«juired stress function must he odd in ft. 

For the condition of uo stress on cx = o, —o for n ^ 2 and V'*»"*o)=u 

for n > I. Hence we can wiite 

hXi = aSl A /cosh2<xsin/^i 

! a, \ /I «'( cosh(n i i)« co*h(« it'cjt] / 

j ^ , sin«/:i 

I «-2 I i)sjnh'n > !)« - (n + i)sinh(n — i)aj \ 

CalculatiiiK the constant co-efficients from the boundary conditions '6) 
and (7) for no stress due to the complete stress function (Xu ^ over the 

boundary ■* = ^1, we fiet. 


A/=-4 


g — ja, 


sinh2»i 


A„'=-i 


sin h 2 « ~ j|isin h 2« 1 

2(sinh“«a, — n^sinh*a, ) 


(14) 


y,- /_ nsinh ^«i 

sinh*wa, — n“sinh“a, 


Hence when « > o, we get 


/iX = a.S' 


coshafa - «jl - Miihja, i 

" : * ■ — Mnp-^2 -H . V r- ~ -r 

sinh2(X] «-2 snili tiotj- jrsinh 


Ittsinhotisin 
— sinhasin 


htiasinhfa — exj | 

' sin/j/:! 


— sinhasinhwaisinhu^ot — «,) \ 


-■ (15) 


The stress fifi, over the circular boundaiy, calculated by e«|Uations (2), 
is obtained as 

= *1‘S‘'cosh«j — cos^lf Af«siu»i/y1 ... (16) 

Lsin2cx, J 

where A/« has the same value as in 'Tik vSeparating out the more slowly 
converging part iu the series in ^16) by the same substitution for Ain as in 
we obtain, 

(cosh «i —cos/S) X F— 512^ 2 e~*«isin/S— 2 N«siun;S 1 

• L stub a», . J:- 


e asinh «, sin^ . , . ^ ^ 

■-4S7 ; ay (cosh (XjCOS P“ l) 

(cosh - cosp) 


(17) 
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y, 1 iiiUn^ity ol sti mci iIk liuiilai bouiulaivut varying 

\alucs of fi IS shown hi imi’tipks <.f .S, f,,r v = ^ and j.o. 



\ *1 hu's < if /B - * 

1 

'I'lic luaxiinuni ^tics^c^aic fouml l<^ ]k 7-7 at for cx— u S, and 

4.39.S al /^ — 125'^ for cx— *3 o. In tlii^ ca^^. al'-cj tlic jioinl <»t inaNiniiun sticss 
shifts toward.-^ tin* i>oint on the hol<* iicaiest t.. the s'lai.L'lit cd.i^c' with lesser 
values of Witli hi^hei' values uf the i*oinl of niaxinnun ‘-licss on the 
hole tends to coincide with llie i»oinl of niaxiinuni stiess in the case of a hole 
in an infinite ]>late. 

A C K N ( ) \\’ J. K J>('. M K N T S 

In conclusion, the author wishes to express his iesp>cctful thanks to 
Dr. S. Ghosh of the Department of Applied Alathematics for siiggestinR the 
problems and for his kind guidance during the preparation of this i)aj.er. 

J>hrAKT.MlM Of Al'PiaiU» I'HV^lCS, 

UnJVKKSIXV CoLLKOK of SciFNCf .\NI» Tf.C H N’OUX , V CxrCrXTA 
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lapinone, a new antimalarial* 


By I,f>UIS F. ;FIESER 

Sheldon Emery Professor of Organic Chemistry, Harvard University 

E&pinone is an antimalarial of iiovet chemical type and unsual physio* 
logical properties. It is a hydroxyalkylpaphthoquinone composed of only 
carbon, hydogen, and oxygen, and hence ‘ it is of simpler composition than 
all other known antimalarials and, indeed^ than any other chemotherapeutic 
agent. ; 


() 



^CHaCHaCHaCHaCHa 

< 

^CH,CH*CHaCHaCHa 




Fig. 1 


Quinine is a 6-mcthoxyquinolinc derivative with a nitrogen*contaiiiing 
side chain at position 4. Atabrine, the synthetic substitute suppressive 
introduced by the I. G. Farbenindustrie (1930), is an acridine derivative, 
but it is related to quinine in that the first two rings constitute a 6-methoxy- 
quinoline unit with a nitrogen side chain at the 4-position. The other 
I. G. Farbenindustrie drug plasmochin (1926), now often called pamaquine 
in the United States, has the atabrine side chain moved to the 8-position of 
6-methoxyquinoline ; it is an 8-aininoquinoline derivative. The new 
American drugs pentaquine (Drake and co-workers, 1946) and primaquine 
(Elderfield aud co-workers, 1946) are related 8-aminoquinolines with small 
variations from plasmochin in the structure of the side chain ; thus 
primaquine is simply plasmochin minus the two N-ethyl groups. These 
8-aminoquinolines have little sui>prcs 3 ive action, but when administered in 
conjunction with quinine they eflFect a high percentage of cures of relapsing 
vivax malaria. Plasmochin is too highly toxic for safe use ; the status of 
the newer substances in this respect is still uncertain. Among a large 
number of other compounds synthesized, the Germans prepared the 
4-aminoquinolines santochin and the substance now known as chloroquine, 
but their pharmacologists did not rate the compounds very highly. American 
research showed that chloroquine is a very eflfective suppressive and led to 


* Cooch-Bebar Professorship I^ecture delivered in the Indian Association for the 
Cnltivation of Science, Calcutta, on the lath. 13th and j6th January, 1951 
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the iiilrodution of the related catnoquiue (Burckhalter, etal., 194S). The 
4-aniinoqviiuoliues are sui^pressive only and lack curative properties. The 
same is true of the biguanide derivative palndrine (Curd, Davey and Rose, 
1045)1 developed in Knglaud by i . C. I. workers. 



CHs 

HNCH(CHa)3N(C,H,)j 


CH^O, 



Aiabrtne 



HN(j:KCH,)sN(C,H,)a 
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(Pamaquine) 


CH^i 



HN(C H* ) 5 NHCH(CHa) g 
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CH^ 
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Fig. 2 

All of these antimalarials, natural and synthetic, contain nitrogen, and 
Sojn^ contain chlorine as well ; lapinone contains neither nitrogen nor 
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chlorine. The sulfa drugs and penicillin are also of elaborate composition* 
since they contain carbon, hydrogen, oxygen, nitrogen, and sulfur. 

Lapinone functions by a mechanism evidently different from that of any 
other antimalaria] . It destroys malarial parasites by inhibiting a respiratory 
enzyme of parasitized cells. Tlie naphthpciuinouc seems of i)articular interest 
because of indications that it has hig}i potency as both a suppressive and 
curative drug . . 

L,apinone resembles vitamin K, in j elesnentary composition, structure, 
and physical properties. Both substauce|l arc 1.4-uaplithoquinoiicb, and both 


O 

il 


CH. 


CH, 


CIT 


CH, 


^,CH,CH = CCH,CH:,CtI:,CH^H,CH,Cn,CHCH„CH,CH:,CHCH, 




i'CH., 


O Vitamin K, 

Fit;. 3 

arc lipid-soluble, water-insoluble, viscous yellow oils. Tlie antimalarial has 
at the 2-position a hydroxyl group f nd at the 3-position u 19-carbon side 
chain containing a hydroxyl group ; the vitamin has a 2-melhyl group anti 
the substituent at position 3 is a 20-carbou side chain containing a double 
bond. 

The development of tlie new antimalarial resulted from systematic 
cxiiloitation of a fortuitous clue uncovered in the extensive program of 
antimalarial research sponsored by the ITniled States government during 
World War II and organized by the Committee on Medical Research of the 
(Office of Scientific Research and T^evelopment. In this program of the 
C. M. R., some thirty. nine chemical research groups operated under govern- 
ment contract in coordination with pharmacological and clinical research 
groups. One line of investigation was the synthesis and biological documenta- 
tion of all conceivable isomers, derivatives, and analogs of the known 
antimalarials of the quinoline and acridine series ; such work led to the 
development of camoquine, pentaquine, and primaquine and to recognition of 
the value of chloroquine. The second line of attack consisted in the biological 
screening of organic chemicals of a wide variety of types in the search for 
antimalarials of a new kind. In one such screening program, chemists, of 
the Abbott Laboratories in North Chicago visited some of the larger universi- 
ties to collect and code miscellaneous research samples and send them to the 
pharmacological group of Dr. Arthur P. Richardson at the University of 
Tennessee Medical School at Memphis for screening assays against Plasmodium 
lophurae in ducks. Of several hundred compounds assayed, all but three 
proved to be complete^ inactive. The three active compounds, which 
possessed definite if weak antimalarial activity, were related naphthoquinones 
that had come frovn my laboratory at Harvard and that I had taken from 
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a collection af lapachol samples bequeathed to me by Samuel C. Hooker on 
his death in 1935. The most interesting of the three compounds was hydro- 
lapachol, the dihydro derivative of lapachol. 

Samuel C. Hooker (1889-1896 ; 1915-1935) 



Fig. 4 

Lapachol, a yellow pigment that occurs in the grain of certain tropical 
woods, had been the subject of a remarkable series of researches by the 
Hnglish-born chemist Hooker, a masterful experimentalist whose lot was 
cast in the field of American sugar technology, in which he achieved brilliant 
success. A romance with an American girl student at Munich had led 
Hooker to come to the United States, where, finding no suitable academic 
posts open, he had accepted employment in a sugar refinery in Philadelphia. 
Hearing of the presence in the city of a young German-trained chemist, a 
Philadelphian manufacturer of fine fishing rods and bows and arrows from the 
rare Bethabarra wood, imported at considerable expense from South America, 
consulted Hooker about the possible utilization of the yellow pigment of the 
wood, and provided the young chemist with quantities of Bethabarra sawdust 
and waste cuttings. Hooker found the chemistry of lapachol a fascinating subject 
for spare-time research, and in the period 1889-1896 he published a series of 
brilliant papers reporting the complete elucidation of the structure of lapachol 
and a description of an amazing array of novel reactions of the interesting 
substance [Greene and Hooker (1889.) ; Hooker and Greene (18S9); Hooker 
(1892, 1893, 1894, 1896) ; Hooker and Gray (1893) ; Hooker and Carnall 
(1894); Hooker and Walsh (1894) ; Hooker and Wilson (1894)]. In 1896, 
although he had not completed the research and had stated in his last paper 
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that “I shall hope to return to the consideration of this problem in the future” 
he felt obliged to abandon this side-activity and devote his whole energies 
to the professional field of sugar technology. His efforts in this direction 
were eminently successful ; he introduced the beet sugar industry into 
American practice and achieved so many other successes that he eventually 
rose to the post of executive vice-president of his company. But he had not 
forgotten lapachol, and he was ever conscious of the promise of further work 
stated in his last paper. So, as soon ns|ie had acquired an adequate compe 
tency. Hooker retired from the sugar f.busincss in 1915, built a private 
laboratory in the former stable in back of iiis elegant residence in Brooklyn, 
and shortly resumed the lapachol research exactly where he had left off 
in 1896. } 

It was my good fortune to meet |>r. Hooker in 1926 and to be in close 
association with his scientific work until 0 ie lime of his death. I had applied 
techniques of oxidation-reduction i>oteniial ineasurenients learned in my 
work for the Doctorate under Professor James B. Coiiant [Conaiit, Kahn, 
Fieser and Kurtz (1922/; Conant and Fieser (1922, 1923, 1924)] to 

studies of heterocyclic quinones [Fieser (1926) ; Fieser and Ames (1927) ; 
Fieser and Peters (1931) ; Fioser and Hartwell (1935); Fieser and Kennelly 
(1935); Fieser and Martin (1935)! and polynuclear quinones, [Fieser (1929;) 
Fieser and Dietz (1931)] and to an investigation of the lautomerism of 
hydroxyquinones [Fieser (1928, 1929); Fieser and Fieser (1934); Fieser 
and Thompson (1939)]. Through Dr. Hooker’s generosity in supplying me 
with samples, 1 was able to include 16 quinones of the lapachol series in 
my potcntiometric study of tautonierism. 

I was fascinated by niy contacts with this elderly gentleman who 
appeared to me to be an extraordinarily gifted experimentalist and a rare 
personality. Having lost contact with the academic chemists of his own age. 
Hooker was glad to have a young friend enthusiastically interested in his 
beloved lapachol chemistry. On his death in 1935, I edited a series of eleven 
posthumous papers reporting his re.searches of 1915 to 1935, [Hooker (1936); 
Hooker and Steyermark (1936); Hooker and Fieser (1936)] and I was 
bequeathed his extensive collection of beautiful samples of compounds 
derived from or related to lapachol. 

When Richardson’s assays revealed antimalarial activity in the relatively 
simple naphthoquinone hydrolapachol, I was m a particularly favorable position 
to investigate this new clue. In conducting the potentiometric investigations 
cited above I had acquired experience with practically all the known methods 
for the preparation of naphthoquinones and had introduced a few new i>roce- 
ditres. Inspired by my association with Dr. Hooker, 1 had achieved the first 
synthesis of lapachol. (Fieser, 1927) My student Jesse T. Dunn had 
synthesized plumbagin in 1936 (Fieser and Dunn, 19361 and 1 had 
synthesized vitamin K, in 1939 (Fieser, 1939,1940). My associates and I 
had developed other syntheses in the naphthoquinone [Fieser, Campbell, 
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Fry and Oates (1939); Fieser and Weighard (1940); Tishlcr, Fieser and 
Wendier (1940); Fieser, Gates and Kilmer (1940); Fieser and Gates (1941); 
Fieser and Jones (1942); Fieser, Turner (1942); F'ieser and Turner {1947) ]» 
phenantbrenequinone (Fieser, 1929), authraquinone (Fieser and Fieser, 1935) 
aud i,2*benzanlhraquinone (Fieser and Dietz, 19^9) series, and we had 
investigated a number of interesting reactions of quinoues. [Fieser and 
Peters (193I1 1935): P'ieser (1931'; Fieser and Seiigman (1934) ; Fieser and 
Hartwell (1935); P'ieser and Dunn <^1036, 1937,'; Fieser, Hartwell arid 

Seliginan '1936I; P'ieser and Bradsher (1939); P'ieser and Fieser (1939, 1941)]. 
t)f particular importance to the problem at hand was the timely discovery with 
P'. C. Chang aud A. It. t Jxford of the method of peroxide alks’lation (p'ieser 
and Chang, 1942; Fieser and Oxford, 1942), whereby hy droxynaphthoquinone 
is converted into a 2-hydroxy-3-alkyI-i,4-na phthoquinone by reaction in 
acetic acid solution with the peroxide of an acid. This convenient one- 
step process provided a quick method for the synthesis of a large number 




+ KC( )sH + CO;, 


of substances of the hydrolapachol tyi>e having hydrocarbon chains (U) of 
varying length and including straight chain structures, chains with branches 
at various points, and chains containing aromatic and alicyclic rings. 
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A second general method that [>roved of great use to us was a remarka- 
ble oxidation discovered by Dr. Hooker, the Hooker oxidation (Hooker, 
1936). Hooker had discovered that a hydroxyalkylnaphthoquinone can be 
converted into the next lower honiolog by oxidation with alkaline 
permanganate in the cold, and he had found that the mysterious disappea- 
rance of the methylene group occurs eVen in the case of lapachol witl}out 
disturbance of the double bond. He h||d synthesized the derivative with a 
seven-carbon side chain and degraded it b5| seven Hooker oxidations to every 
one of the lower homologs. The reac^on was of great service in our 

V * 

synthetic program; for example, the r^dily available even-carbon acids 
afforded, by peroxide* alkylation, the seri^ of quinones with Cn, Cji, Cm, etc. 
side chains, and Hooker oxidation of the? products then yielded the other- 
wise inaccessible homologs with Ch, C|:oi Cm, etc. side chains. Hartwell, 
Seligtnan and I (Pieser, Hartwell vSeligman, 1936) had made a 

preliminary study of the mechanism ot the Hooker oxidation, and in IQ40 
Mary Pieser and I discovered an intermediate in the reaction and she had 
subsequently established its structure. When, later, the reaction became 
of importance to our synthetic program, 1 worked on the experimental 
procedure and was able to develop a high-yield two-step process that is 
applicable to large as well as small quantities and represents a distinct 
improvement over the original one tpieser and P'ieser, 1948). 

My researcli group, which eventually w’as exiianded to a total of thirteen 
chemists, plunged into the work of exploring variations in the naphtho- 
quinone structure and synthesized a total of some .>50 new quinones. The 
Abbott fyaboratories joined us in the initial synthetic program, and a group 
of five of their chemists under the direction of Dr. Marlin T. I.effler 
synthesized an additional 75 quinones for bioassay. The total effort reported 
in a series of eight jo’iit papers (1‘ieser cl al , 1948) included also the 
pre|>aralion of 46 quinone derivatives and of a considerable number of new 
intermediates. One of my co-workers. Dr. Ci. Dauben, completed 

some of the synthetic work at the University of California in Berkeley. 
Another, Dr. P:rnst Berliner, spent his summers in Cambridge and continued 
the synthetic work during term time at Bryn Mawr, with the collaboration 
of his student Frances Bondhus, now Mrs. Berliner. My Ph. D. students 
Armin G. Wilson and Evelyn Hodes were married in the course of the work. 
Finding some periods of respite from my wartime activities in the develop- 
ment of new incendiary munitions, 1 had the pleasure of personal 
participation in various phases of the experimental program and worked 
out procedures tor the preparation of several of the key naphthoquinones 
and intermediates on a practical scale by a diene synthesis (F'ieser, 1948). 

Interest in the naphthoquinones as antimalarials was greatly enhanced 
when cooperating workers of the Rockefeller Foundation found that the 
substances not only suppress malarial infections in chickens but are effective 
prophylactic agents [Clarke and Theiler, U948); Whitman, (19481 J. In 1944 
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these investigations established that the naphthoquinone drugs effectively 
destroy both the trophozoits of the red blood cells and the exoerythrocytic 
forms of malaria parasites found in the reticulo-endothelial cells of chickens 
infected with Plasmodium gallinaceum. Quinine and atabrine suppress 
the trophozoites, but exert no control whatever over the exoerythrocytic 
forms. These observations strongly suggested that the naphthoquinones 
would exhibit curative as well as suppressive action, and such an effect was 
subsequently established in three different avian infections. Walker and 
Richardson ^1948) and Walker, Slanber and Richardson (1948) later observed 
a very interesting synergistic or potentiating effect of a naphthoquinone and 
the 8-aininoquinoline derivative plasmochin (pamaquine) ; a combination of 
one/ tenth the curative dose of each drug resulted in roo% cures. 

The program of synthesis by our chemical groups, coupled with prompt 
and able bioassays by Dr. Richardson’s group in Memphis, soon outlined 
rough relationships betw'een chemical constitution and biological potency 
(Fieser and Richardson, 1948). We were eventually able to produce com- 
l>ounds possessing no less tlian one hundred times the potency of hydro- 
lapachol, the compound that had given the principal clue to the new develop- 
ment. The assays for suppressive activity against Plasmodium lophurae 
in ducks were expressed in terms of the effective dose, in mg. of drug per 
kg. of body w’eight, required to effect 95% reduction of parasitemia, re- 
presented by the symbol EDna. For hydrolapachol, ED»a = 6S mg. /kg., and 
hence the substance is only about one-seventh as active as quinine (base), 
EDuo= 10.25 nig. /kg. The most active naphthoquinone encountered had 
the high potency ED«:. = o.67 mg. /kg., but the compound was available only 
by a very difficult synthesis. 

In 1943 an initial clinical trial was conducted at the Goldwater Memorial 
Hospital in New Yoik on syphilitic patients undergoing malaria therapy 
(Wiselogle, 1946). Each cooperating laboratory supplied for the trial the 
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most promising naphthoquinone that could be produced in a hurry in adequate 
quantity (250 g.) ; these were the substances coded as M-28S (Abbott) and 
M-Z916 (Harvard), whose structures and activities are shown in the chart. 
Although M-aSs is four times as potent in the duck assay as M-tgid, it 
proved to be completely inactive in five patients (blood-induced P, vivax and 
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P. f^eipAtum), whereas “M^xgiS produc&ciM temporary suppression of fevetf 
e:kte^ditig fot an average of 9.5 days |a eight cases. The effect wa? not 
aatlsfaetoty, but enough to show that Id-xgid has definite antiinalaHal 
activity in man. | 

The resQlts were very disappoiutiiij The medical authorities of the 
CMR felt that the uaphthoquinoues had. been given a fair trial and had 
failed, and they discouraged us from coi^inutng the study ; they pointed to 
other instances where results in animals ^ail to carry over to man. The 
Abbott I^aboratories grroup merely finisl|^d off such synthetic work as they 
had in hand. But niy group was not sati^ led. We did not like to rest the 
ease without trying to find out why c| impounds so active in ducks and 
chickens proved inactive, or only weakly active, in man. We were* parti- 
cularly intrigued with the curious reversal in activity ; why is M-aSs, so 
potent in ducks, completely inactive in maj whereas M-i9i6, the weak sister 
in the duck assays, exerts a mild lheiapeU|ic effect in man ? 

So some of the chemists of iny gri^p, particularly Dr. Hans Heymann 
and Dr. Frederic C. Chang, became biochemists and plunged into the problem 
of investigating the metabolic fate of naphthoquinones administered to 
nonmalarial human subjects (Picser aud others, 194B). W^e soon despaired 
of the idea of obtaining supplies of urine from the subjects of the clinical 
trial or of surmounting the governmental red tape involved in obtaining 
conscientious objectors as subjects, and initiated the study by eating the 
compounds ourselves. I participated in this phase of the work by consuming 
a total of 33 g. of various naphthoquinones and working up sill the uiihes 
and several plasma samples ; it was a thrilling experience to have blftod 
drawn from my arm aud spun down, and to look at the raspberry ted plasma 
containing metabolites and know that my own liver had accomplished the 
metabolic oxidations concerned. Later, after returning on VE-day from 
participation in the Alsos Mission of scientific intelligence that accompanied 
our armies of conquest in Germany, I enjoyed a period of freedom from both 
war work and teaching aud V5 as able 10 carry out in the test tube some of the 
oxidative changes that had occurred in my liver (Fieser, 1948). 

" After an initial start in which wc chemists served as our own guinea 
pigs. Dr. Arnold M. Seiigman came to our aid and provided subjects for 
study of drug metabolism from the Beth Israel Hospital. He instituted the 
ingenious practice of administering some of the compounds to polycythettiic 
patients prior to the drawing of the necessarily large volumes of blood in 
order to provide us with amounts of plasma adequate for isolation of meta- 
boEtes fttom this souroe ; in several instances the metabolites extracted from 
found to be identical with those excreted in the tiriiie.i The 
^Mirnawcology was ably done at the Harvard Medici School by 
Otiw Krairer, Dr. E. B- AstwoOif, and Dr. A. M. Seiigman. 

J^ ifltlidi^thati^rftet kJrfdrotion Of omr war-time contract, wefe coathiti^ 
from RoeiWcll^ F^dation, We found thid nfittabotiem 
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of the naphthoquinones in man consists in oxidative attack of the hydrocartjdn 
side chain. Thus the side chain of hydrolapachol, — CHaCHaCH{CHs)a, 4 s 
metabolized to -CHaCHaCfOHliCHs)* ; the product was identified by com- 
parison with a sample of hydroxy hydrolapachol taken from the Hooker 
collection. Hooker’s samples were of the greatest ^rvice in develoi»ment 
of colorimetric methods for separating and identifying various alcoholic and 
unsaturated derivatives of the naphthoquinones (Fieser, 194^^)' 

In all, some eight crystalline products of metabolism were isolated and 
their structures established. ^Ve found that M-285 is metabolized to a 
carboxylic acid and that M-igtd is metabolized to two hydroxy derivatives, 
as shown in the formulation above, but the substances were isolabte only 
on a micro scale and not in quantity sufficient for bioassays. We had 
submitted a few synthetic compounds with oxygenated side chains and they 
had all been found devoid of activity. “ What substance,” we kept asking 
ourselves, ** was responsible for the weak therapeutic effect resulting from 
administration of M-igid?” Dr. W. B. Wendell ^^1946) at Memphis had 
discovered that the naphthoquinones are very powerful inhibitors of respira- 
tory enzymes and are effective at dilutions in the order of i x io~*M. The 
antirespiratory activity of a given member of the series, relative to that of a 
reference standard, can be measured on a micro scale in a Warburg apparatus 
by determining the concentration required to half-inhibit the respiration of a 
suspension of parasitized red blood cells drawn from a duck infected with 
P. lophurae. By the spring of 1945 Wendell’s results so strongly suggested 
that the convenient in vitro determination of antirespiratory activity affords 
a «'eliable guide to in vivo antimalarial activity that we decided to install 
the in vitro test in our own laboratory for the more precise study of drug 
metabolism. This meant establishment and maintenance of a colony of 
malarial infected ducks, housed under some protest in the biological labora- 
tewy, and installation and operation of a Warburg apparatus in our own 
laboratory. The senior chemist of my group. Dr. Hans Heymann, rose to 
the occasion of mastering the many biological and biochemical techniques 
involved and ably conducted an extended series of antirespiratory studies, 
[Heymann and Fieser (1948) ; Fieser and Heymann (1948)!. Determinations 
of the relative antirespiratory activities of 76 naphthoquinones in Memphis 
and of 8a in Cambridge showed conclusively that the in viito test is a sale 
measure of f« vivo activity. 

The micro test permitted study of the course of metabolic drug deacti- 
vation in the following manner. A given compound was administered to ^a 
patient by Dr. Seligman, usually intravenously, and small blood Mmples 
Were drawn from time to time, spun down, and the plasmas sent over to Dr- 
Heymann in Cambridge. Since oxygenation of the side chain does not alter 
the cfaromophoric properties of the naphthoquinone nucleus, colorimetric 
determination of the pigmmst extracted from a plasma ^ve the vnhxs of total 
fMr^lJbkQQttin<me^:jdegind^ and (c^) und^iraded. A smiill aample ot pigttxnnt 
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was th6n put into the Warburg machine, and a determination made ofthe 
ahtirespiratory activity j^r colorimetric equivalent of pigment as comt»ared to 
that of the drug administered. Naphthoquinones of all of the types initially 
available proved to be metabolized coinpletely within 3-4 hours. In 
most cases the initial activity, however 1 ligh, was completely lost in the 
process. This was true of M-285, and an ^ vitro test of the carboxylic acid 
rrietabolite that we had isolated showed to be completely inactive. The 
case of M-1916 was different. Here, mefabolic change was as rapid as ever 
but the activity dropped, in four hours, lo a level one-tenth that of M-1916 
and then persisted at the same level for soq ^ twenty hours. The two hydro- 
xy lated metabolites that we had isolated jvere then found, in repeated trials^ 
to possess antirespiratory activity just od 1-teuth that of M-1916. We thus 
reached the conclusion that the weak ana imalarial action of M-19T6 in the 
clinical trials must have been due to the w^kly active but persistent hydroxy 
lated metabolites. A hydroxyl group in t| e side chain provides protection 
against metabolic attack but, at least in th^| case of M-1916 and the few Other 
compounds that we had then investigated, the introduction of a hydroxyl 
group into the side chain detracts very materially from the potency of the 
parent compound. 

However, our program of systemmatically investigating all types of side 
chains eventually afforded results suggesting that the deactivating influence 
of oxygen substitution can be offset by an increase in the carbon content of 
the side chain. We were later able to rationalize this empirical finding by a ■ 
physico-chemical study of distribution characteristics. Richardson’s, assays 
had shown that in any homologous series, for example hydroxynaphtho- 
quinones with n-alkyl-, isoalkyl-, w-phenylalkyl-, or w-cyclohexylalkyl-side 
chains,* biological activity increases with increasing molecular weight for a 
time, passes through a maximum, and then falls off. However, the optimum , 
molecular weight varied considerably from one series to another; in the n-alkyl 
series a C«-side chain afforded optimum activity, whereas in the w-cycloalkyl 
and w-phenylalkyl series highest potency was reached with Cic-n and C»«- 
side chains, respectively. These relationships became clear from a study of 
the distribution of the naphthoquinones between ether, in which the free acid 
dissolves with a yellow colour, and aqueous buffers, which extract a certain 
amount of the red anion (Fieser, Kttlingcr and Fawaz, 1943). By colori- 
metry, it is a simple matter to make an accurate determination of the constant 
pS, which characterizes the balance of hydrophilic-lipophilic properties of a 
given member of the series. This constant is defined (sec equation) as the 
pm. of an aqueous buffer 

, [Quinone in ether layer] ^ 

^E=log : — a 

[Quinone in ivater Ijayesr] 

capable of extracting just i / 10 x -part of pigment from an equal volume q£ 
e< 3 ier. In each series increases with increasing molecular weight, aiid the 
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cufves for the different series are parallel. The effect of the tntroducflot) 
cyclohexyl and phenyl groups into the side chain is to produce pr<^essiv« 
shifts in the direction of increased hydrophilic character. These shifts fPMow 
closely the displacements in the peaks of antimalarial activity from series to 
series, and the compounds of highest activity in the differcmt series all have 
Pk values in the range lo-ia. ‘ Thus a naphthoquinone, to possess high bioo 
logical potency, must have a balance between hydrophilic and lipoybilk 
propet ties corresponding to a pu of this favourable range. 

A hydroxyl group in the side chain, desired for protection against 
metabolic attack, very greatly enhances the hydrophilic character of the 
molecule ; the effect amounts to a displacement in pK of about 4 units. 
M-iQtd is close to being the peak compound in its series, but the hydroxyl 
group in the metabolites reduces pu to an unfaborably low level- However, 
an appropriate increase in the molecular weight should compensate for the 
hydrophilic shift caused by the hydroxyl group. We therefore decided to 
try to synthesize a naphthoquinone with a hydroxyl group substituted in a 
very large hydrocarbon side chain. At the time this pioject was taking 
shape we had the pleasure of the addition to our group of Dr. George Pa^az, 
on leave of absence in 1945-1946 from the Department of Chemistry of the 
American University of Beirut, Labanon, and novv Professor of Pharmacology 
at Beirut. Dr. Fawaz, who with the able assistance of his wife Hva, parti- 
cipated in the distribution study cited, undertook the synthesis of a compound 
of the type specified and, by application of a method developed by Dr. 
Heymann for the synthesis of a similar model compound, synthesized the 
compound coded as M-2350, now designated lapinone. He synthesized three 
relalted homologs, but they proved less promising. Later, three Ph.D. stu- 
dents synthesized a large number of analogous quinones with hydroxylated 
side chains, and with side chains containing ketonic, oxide, sulfide, and 
nitrogen functions [Cram(i949>; Paulshock and Moser (1950}; Moser and 
Paulshock (1950)] but most of these compounds proved to be much less 
potent than lapinone and none seem more promising. The first guess was 
thus a lucky one.. 

M-2350, lapiuoue, was initially assayed by Dr- Richarffson by the usual 
route of oral administration arid found to be only moderately active. I 
theught this might be due to poor absorption from tbe gut of this compound 
of high molecular weight and asked for a reassay. Surely enough, intramus-> 
cularly administered material proved to possess the high antimalarial potency 
that we had predicted. We then, hopefully, investigated the resistance of 
the substance to metabolic deactivation iu the human body. Dr. 3 eligmaa 
administered tbe compound intravenously to patients of the Beth Israel 
Hospital and Hr. Heymann determined the residual activity of extracted 
plasma pigments (Fieser, Heymann and Seligmau, X948). The results were 
vmy encouraging, Unlike M-X916, M-aSs, and all the other naphthoquittoaes 
adth hydroHinrboU Side drains, lapinone retained a large memarre p£ its es^jglnal 
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activity for periods of 20-40 brs, after administration. The resnits were 
sttbstantiated by experiments with animal^ of seven species. Mice metaboi^ * 
more nearly like htimaus than '^o any of the six other test anitndls 
studied, and tapinone administered to mi|^ shows good retention of entires* 
piratory activity. | 

By the criteria of the laboratory K^ts, it appeared that the goal of 
developing a naphthoquinone of high i>c«ncy and of adequate resistance to 
metabolic deactivation in man had been achieved. We thus awaited with great 
interest the outcome of an initial, small #ale clinical trial conducted by Dr. 
Fawaa on his return to the American apiversity at Beirut. Nine patients 
infected with primary vivax malaria we£ given 2 g. of laptnone per day for 
four days by intravenous injection in gpntine solution. All patients were 
relieved very promptly of fever and the bp^cd was freed of parasites. Thus, 
unlike M-285 and M-1916, lapinone exJrts a fully satisfactory suppressive 
action in man lust as it does in ducks an<^hickeus; The result showed that 
the defect in the early compounds had be|n corrected and il justified our sus- 
tained effort to solve a problem in chemotherapy through a program of 
rational research aimed at understanding the fundamental phenomena 
involved. The Lebanese clinical trial was planned merely as a test for sup- 
pressive action in man, and the period of administration was not at alt 
comparable to the 14-day regime employed in the standard test for curative 
action. Nevertheless, six of the patients treated had gone without relapses 
wheu last checked after periods of from thirteen to fifteen months after termi- 
nation of treatment. The result tentatively suggests a carry-over to man of 
the curative action of other naphthoquinones observed in birds! 

More recently, Dr. Alexander M. Moore of Parke, Davis and Co. has 
reported results of a reliable new test for supperssive and curative action 
against P. lophurae in white leghorn chicks that he had previously applied 
to all the standard autimalarials and to several of the newer compounds. 
In a letter of January 3, 1951, Dr. Moore states that : “As a suppressive, 
lapinone was about three times as active as quiniue, i. e. ED»5 ca. 5 tng./kg. 
daily for 4 days, when administered intramuscularly. As a curative agent, 
lapinoue was highly effective' when administered intramuscuiarly at the 
maximum tolerated dose. Of all the types of ' antiraalarial drugs tested, 
only the S-aminoquinolines and the a-hydroxy-3-alkyl-i, 4 -naphthoquinones 
have cured young chicks infected with lophurae malaria. Although the 
S-ammoquinoliues cured ouly a fraction of the infected birds, lapinone was 
much more effective. Indeed, you will observe from the attached reports 
that lapinone cured every one of the infected birds. No other substance 
tested in this laboratory to date has proved so effective in the curative test." 

Lapinone thus appears promising enough to warrant further pbarmacolo* 
gieal study and clinical evaluation. A practical syntheris from ^-naphthol 
and sebacic acid was reported in 1950 (Fa wax and Fleser, 1950). £ndo 
Products Inc. of New Y ork has initiated manufacture of lap^<>ne« at least 
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on a scale adequate foi pharmacological and clinical evaluation. Since ih6 
sobatance is a water-insoluble oi1> in our lajboratdif^ teats and in the I^ebadese 
trial it was administered by intravenous or intralnusctilar* injection in wder 
to by-pass the question of efficiency of absoirbiion frbin the intestines. 
However, Dr. Nathan Weiner of Kndo Products has recently developed 
a promising formulation for oral administration and is kivestigating its 
efficacy. 

1 hope th it some of the many able medical scientists of India will apply 
their knowledge, experience, and vast test material to the stndy of this new 
compound. It would be very gratifying if our own prolonged research, 
as w'ell as the early fundamental investigations of Dr. Hooker, should, turn 
out to be of some service to the people of this great country, where malaria 
is still a major problem. 

^Solution for intravenous injection (developed by Dr. A. M. Seligman) : dissolve a g> 
of lapinone in 50 cc. of alcohol and add all at once with agitation a sointion prepared 'from 
1^00 cc. of physiological saline, 200 cc. of 6% Knox pyrogen-free gelatin solution {pH 7.4), 
end 1.2 g. of sodium carbonate nionohydrate ; tbe solution should not be prepared more 
than a few hours before required for injection. 

Soliiffon for intramuscular infection (devdtoped by Dr. George Pawaz) : dissolve 5 g. 
of lepinone in 13 cc. of sterile peanut oil and to the solution add a solntion of 0.2 g. of 
Bntescin HjNC6H4COjC4H»— f>) in 2 cc. of ether. 
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